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INTRODUCTION 

A knowledge of the means by which the virus of mosaie diseases of 
cultivated annual plants overwinters is essential in developing control 
measures. It is known, in the ease of the cueumber and the tomato, that 
certain perennial plants carry the mosaic disease over winter, and that 
insects may transmit the disease from these plants to the cultivated host 
in the spring. In the case of cucumber mosaic, a number of plants have 
been found to aet as sources of primary infection, particularly the wild 
cucumber, Micrampelis lobata, (Michx.) Greene (8, 10), the milkweed, 
Ascle pias syriaca L., and the pokeweed, Phytolacca decandra L. The wild 
cucumber is an annual, but it has been shown that the mosaic disease of 
this plant is carried over winter in the seed. The other two plants are 
perennials. The present paper deals with studies of the overwintering of 
cucumber mosaie on perennial species of Physalis. 

For several years, experiments on the control of cucumber mosaic have 
been in progress at Madison and Rockland, Wisconsin, and Marengo, Illi- 
nois, under the direction of Dr. S. P. Doolittle. During these experiments, 
all the known and suspected wild hosts of the disease were removed around 
the experimental cucumber fields in an attempt to control the disease by 
eliminating the sources of primary infection. While assisting in this eradi- 
cation work at Rockland, Wisconsin, during the summer of 1922, the writer 
noticed that numbers of mosaie ground cherry plants, Physalis pubescens 


1 The writer is indebted to Prof. L. R. Jones, of the Department of Plant Pathology 
of the University of Wisconsin, and to Dr. 8. P. Doolittle, of the Office of Cotton, Truck, 
and Forage Crop Disease Investigations, for advice and suggestions during the progress 
of this work. 
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L. (Pl. XXXI, B), occurred near four of the most severely diseased cucum- 
ber fields. In view of the earlier work on the overwintering hosts of cueum- 
ber mosaile, it Was suspected that certain species of Physalis might also be 
concerned in the overwintering of the disease, and a study was therefore 
made of the mosaie found on the cultivated ground cherry. 


REVIEW OF LITERATURE 

The first mention of mosaie on Physalis spp. was made in 1914 by Clin- 
ton (9), who infected two out of seven plants of a wild species of Physalis 
with expressed sap of mosaic tobacco plants. Clinton failed to mention the 
specific name of the Physalis used or to state whether it was an annual or a 
perennial. 

Allard (1), in 1914, obtained infection on two garden species of Phy- 
salis, which he does not specifically name, with material from ‘mosaic to- 
bacco plants. 

Nishimura (14), in 1917, found P. alkekengi i. to be a earrier of to- 
bacco mosaic, although the plants showed no symptoms of the disease. 

Crawford (6), in 1921, mentions in an abstract the fact that Physalis 
longifolia Nutt. is an overwintering agent of tomato mosaic. 

Gardner and Kendrick (11, 12, 13), 1921 and 1922, who have done much 
work on species of Physalis in relation to the mosaic disease of tomato, have 
noted the occurrence of a mosaic disease on both annual and “perennial 
species of Physalis in the neighborhood of tomato fields, as well as on sev- 
eral other solanaceous weeds; and they have proved the importance of the 
species P. subglabrata and P. heterophylla in connection with the over- 
wintering and dissemination of tomato mosaie. 


EXPERIMENTS WITH PHYSALIS PUBESCENS 

Cross inoculations from Physalis pubescens to cucumber. The finding of 
mosaic plants of P. pubescens L. in the vieinity of badly infeeted cucumber 
fields near Rockland, Wisconsin, in the summer of 1922, led the writer to 
take specimens of the diseased ground cherry plants to Madison, where 
inoculations were made from them to healthy cueumbers. Crushed leaf 
tissue of mosaic plants was inserted in healthy plants by means of a sterile 
scalpel. These inoculations preduced no infection, but inasmuch as the 
method used had proved less satisfactory than inoculation by means of 
aphids, in work with other mosaic diseases, it was planned to continue the 
work by use of these insects. Upon the next trip to Reekland, voung ground 
cherry plants, both healthy and diseased, were dug up, taken to Madison, 
Wisconsin, and transplanted in the greenhouse. Aphids (Aphis gossypii) 
from a stock kept in the greenhouse on healthy cueumbers under cheese- 
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cloth cages were colonized on the mosaie Physalis plants, and after twenty- 
four hours were transferred to healthy young cucumbers under similar 
cages. Inoculations made in this manner produced infection in a high per- 
centage of cases, as shown in table 1. Later, infection was obtained in a 
few inoculations made by the artificial method, but the percentage of infee- 
tion was lower than when aphids were used. (See table 2.) 

During these inoculation experiments it was found that the ineubation 
period of the mosaic disease of P. pubescens ranged from five to fourteen 
days. Infection occurring more than fourteen days after inoculation was 
considered as accidental, unless doubtful symptoms had appeared before this 
time and later had become more definite. 


TABLE 1.—Results of inoculations of cucumber plants by means of aphids from mosate 


and healthy plants of Physalis pubesce TLS 


Date Source of No. aphids No. plants No. plants Date 


inoculated aphids per plant — inoculated diseased observed 


P. pube SCOTS 


Aug. 22, 1922 Mosaic 15 2 6 Aug. 30, 1922 

Aug. 22, 1922 Healthy 15 2 0 Aug. 30, 1922 
(Control) 

Aug. 25, 1922 Mosaic 15 8 8 Aug. 30, 1922 

Aug. 25, 1922 Healthy 15 8 0 Aug. 30, 1922 
(Control) 

Mar. 31, 1923 Mosaic 20 8 7 April 5, 1923 

Mar. 31, 1923 Healthy 20 Ss 0 April 5, 1923 
(Control) 

April $, 1923 Mosaic 20 10 6 April 12, 1923 

April t, 1923 Healthy 20 6 0 April 12, 1923 
(Control) 

April 20, 1923 Mosaic 11 1 1 April 28, 1923 

April 23, 1923 Healthy 15 1 ] May 1, 1923 
(Control) 

Jan. 18, 1924 Mosaic 12 Ss 3 Feb. 1, 1924 

Jan. 18, 1924 Healthy 12 4 0 Feb. 1, 1924 
(Control) 

Jan. 22, 1924 Mosaic 30 15 5 Feb. 4, 1924 

Aug. 0, 1924 Mosaic 20 10 5 Aug. 11, 1924 

Aug. 5, 1924 Healthy 20 10 0 Aug. 11, 1924 


(Control) 


Cross-inoculations from cucumber to Physalis pubescens. During the 
winter, the mosaie Physalis plants, which were at first thought to be peren 
nials, died, and inoculations were made from mosaic cucumbers to healthy 
ground cherry plants. The results of these inoculations, set forth in tables 
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TABLE 2.—Results of artificial inoculations of healthy plants of Physalis pubescens 
with crushed leaf tissues from mosaic and healthy plants of the same species 


Date Source of No. plants No. plants Date 
inoculated inoculum inoculated diseased observed 


P. pube SCENS 


April 21, 1923 Mosaie 8 3 May 3, 1923 

April 21, 1923 Healthy 8 0 May 3, 1923 
(Control) 

March 19, 1924 Mosaic § 4 March 28, 1924 

March 19, 1924 Healthy 7 0 March 28, 1924 


(Control ) 


3 and 4, indicate that cucumber mosaic may be transmitted to healthy 
ground cherry plants either by direct inoculation with aphids or by artifi- 
cial inoculation. It will be noticed, however, that a much higher per- 
centage of infection resulted when aphids were used as a means of inocu- 
lation. 


TABLE 3.—Results of artificial inoculations of healthy plants of Physalis pubescens 


with crushed leaf tissues from mosaic and healthy cucumber plants 


Date Source of No, plants No. plants Date 


inoculated inoculum inoculated diseased observed 


Cucumbers 


April 2, 1923 Mosaic 10 1 April 18, 1923 

June 14, 1923 Mosaie 12 3 Julv 2, 1923 

June 14, 1923 Healthy 12 0 July 2, 1923 
(Control) 

Aug. 6, 1924 Mosaic 9 D Aug. 23, 1924 

Aug. 6, 1924 Healthy i) 0 Aug. 23, 1924 


(Control 


Cross-inoculations from pokeweed to Physalis pubescens. Pokeweed, 
Phytolacea decandra 1.., has been shown to have a mosaie disease identical 
with that of eueumber (9,10). Aphids were colonized on mosaie pokeweeds 
and then transferred to healthy ground eherry plants. The results of these 
inoculations, given in table 5, indicate that pokeweed mosaie may be trans- 
mitted to P. pubescens, but the percentage of infection was lower than in 
the ease of inoculations from the encumber to Physalis. This may be ae- 
counted for in part by the fact that it is harder to colonize the cucumber 
aphis on pokeweeds than on the ground cherry. The symptoms produced 
in this case were identical with those resulting from inoculations from 
mosaie cucumber plants. 


; 


15 


4 
4 


Date 
inoculated 


March 26, 


March 26, 


March 27, 


March 29, 
April S, 
April 8, 


Aug. 25, 


Aug. 6, 


TABLE 5. 


Date 


inoculat 
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Results of inoculation of healthy plants of Physalis pubescens by means of 
aphids from mosaic and healthy cucumber plants 


Souree of Ni 
aphids 


Cucumbers 


1923 Mosaic 
1925 Healthy 
(Control) 
1923 Mosaic 
1923 Healthy 
(Control) 
1924 Mosaic 
1924 Healthy 
(Control) 
1924 Mosaic 
1924 Mosaie 


Results of inoculations of 


aphids from mosaic 


Souree of 
N 


ed aphids 


Pokeweed 


March 7, 1923 Mosaie 
Mareh 7, 1923 Healthy 

(Control) 
March 21, 1923 Mosaic 
March 21, 1923 Healthy 

(Control) 
March 24, 1923 Mosaie 
March 24, 1923 Healthy 


(Control) 


. aphids 


healthy plants of Physalis pubesce 


No. plants 
inoculated 


2) 


10 
10 


No. plants 


diseased 


and healthy pokeweed plants 


. aphids 


No. plants 


No. plants 


diseased 


Date 
observed 


April 
April 


April 
April 


April 
April 


Sept. 
Sept. 


4, 1923 


4, 192: 


$, 1923 


4, 192: 


17, 1924 
17, 1924 


2, 1924 
23, 1924 


ns by means of 


Date 


observed 


March 26, 1923 


March 


April 
April 


April 
April 


26, 1923 


1, 1923 
4, 1923 


4, 1923 


#,1923 


Cross-inoculations from mosaic tobacco and tomato plants to Physalis 


pubescens. 


Aside from the pepper, Capsicum annuum L., no plant of the 


Solanaceae was known to be as highly susceptible to cucumber mosaic as 


P: pube SC 


ens. In order to determine whether this host was equally suscep- 


tible to tomato and tobacco mosaic, typieal mosaie diseases of that family, 


inoculations were made from mosaie plants of these species to Physalis. 


The results of these inoculations appear in table 6 and show that P. pubes- 


cens is very susceptible to tomato and tobacco mosaie. 


Physalis pubescens, an intermediate host by which tomato mosaic may 


be transn 


vitted to cucumbers. 


The mosaie disease of tomato is identical 
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TABLE 6. Results of artificial ulation of healthy lants of Phusalis ns with 


crushed leaf tissues from mosaic and healthy tomato and tobacco plants 


Date Souree of No. plants No. plants Date 
inoculated inoculum inoculated diseased observed 
Mareh 20, 1923 Mosaic tomato S 6 April 1, 1923 . 
March 20, 1923 Healthy tomato 8 0 April 1, 1923 

(Control ) 
April 7, 1923 Mosaic tomato 8 7 April 25, 19238 
April 7, 1923 Healthy tomato 8 0 April 25, 1923 
(Control) 
April 15, 1923 Mosaic tomato 16 15 May 2, 1923 
April 7, 1923 Mosaic tobacco s S April 20, 1923 
April 7, 1923 Healthy tobaceo 8 0 April 20, 1923 
(Control ) 
April 2, 1924 Mosaic tobacco 10 v April 18, 1924 


with that of tobacco, but it does not appear to be directly transmissible to 
cucumbers. To determine the relation of tomato mosaic to eucumber 
mosaic, both of which are transmissible to P. pubescens, inoculations were 
made from ground cherry plants, infected from mosaic tomatoes, to healthy 
cucumbers. This phase of the work is not extensive, but the inoculations 
made indicate that the ground cherry acts as an intermediate host by which 
tomato mosaic may be transmitted to the cucumber. In these experiments, 
aphids from a healthy stock kept in the greenhouse were colonized on 
mosaic ground cherry plants infected from mosaic tomatoes, and after 
twenty-four hours were transferred to healthy cucumber plants. The re- 
sults of these experiments appear in table 7. 

These experiments are analogous to those made by Doolittle (7) with 
pepper, a plant having a mosaie disease apparently identical with the 
TABLE 7.—Results of inoculation of healthy cucumbers by means of aphids from 


plants of Physalis pubesce NS infected with tomato mosaic 


No. 
ate inoculated Source of aphids aphids pe plants Date observed 
diseased 
April 20, 1923 Mosaic P. pubescens 20 l ] May 1, 1923 
infected from mosaic 
tomatoes 
July 13, 1924 do 25 4 2 July 20, 1924 
July 13, 1924 do 25 3 ] July 20, 1924 
Aug. 25, 1924 do 16 12 4 Sept. 2, 1924 
Aug. 25, 1924 Healthy P. pubescens 16 6 0 Sept. 2, 1924 


(Control 
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mosaic diseases of tomato and tebaceco, and susceptible to eueumber mosaic. 
He found pepper to be an intermediate host through whieh cueumber 
mosaic might be transmitted to tobaceo, and vice versa. 

Symptoms of mosaic on Physalis pubescens. Although the mosaic disease 
manifests itself in slightly different ways on the different species of 
Physalis studied, the general characters are the same, and the mosaie symp- 
toms on the different species vary in intensity rather than in nature. The 
cause appears to lie in the individual growth habits of the different species, 
since the symptoms vary greatly within a single species when the plants are 
grown during different seasons of the vear, and the variations of symptoms 
within the genus is often no wider than in the species. The symptoms here 
deseribed for P. pubescens are therefore essentially the same on the peren- 
nial species. 


The mosaic disease first becomes manifest as a faint yellow flecking of the 


‘vvoung leaves, an unusually decided case ef which is shown in Plate XXX1, 


A. The mottling in this plant is of the above type, although the plant had 
been mosaic for some time. In other cases the symptoms consist of a general 
yellowing of the tip leaves accompanied by savoying and eurling. This 
symptom, however, is always followed by a mottling of more or less striking 
degree. Under certain conditions, no decided symptoms can be recognized 
for a considerable time after inoculation, but eventually a few sharply 
defined, blister-like patches of deep green will appear in some of the younger 
leaves, although not necessarily in the youngest. There may be but one or 
two of these dark green areas on the leaves, but the diagnosis is reliable, for 
the plant will later show more pronounced mosaic characters, such as 
increased mottling, crinkling, or dwarfing (Pl. XXXI, B). 

As the disease progresses there may be either inereased or decreased 
mottling. When dwarfing is most pronounced there may be little mottling, 
but dwarfing is usually accompanied by striking malformations such as 
filiform and erinkled leaves (Pl. XXXI, B). In leaves of dwarfed plants 
the veins often stand out more distinetly than in normal plants. This appar- 
ently is due to the failure of the spaces between the veins to enlarge, leaving 
a much larger proportion of veins to leaf area than in healthy plants. 

Under adverse growing conditions, symptoms are much less pronounced 
than under the most favorable conditions. Unless marked stunting and 
malformation has already taken place, mottling may disappear, leaving 
plants that are unthrifty in appearance but devoid of the usual mosaie 
symptoms, thus making it quite difficult, or often impossible, to diagnose 
the disease as mosaic. This condition is especially noticeable toward the 
latter part of the summer or in the greenhouse in midwinter. A faintness 
of symptoms, or their actual fading out, has been mentioned by other work- 
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ers In connection with ground cherry as well as with other plants. Gardner 
and Kendrick (11) mention the fact in their work with species of Physalis, 
while Allard (4, 2) notes it on tomato, Nicotiana glauca and Datura stra- 
monium, and Clinton (5) on the tomato. The writer (10, 15) has described 
a similar condition on Phytolacca decandra and Nicotiana glutinosa. 

It is possible that Nishimura (14) was unable to discern symptoms on 
P. alkekengi, since his inoculations on this species were made after the first 
of July. The existence of carriers of mosaic diseases that do not show symp- 
toms at some time during their growth seems doubtful. The cases of 
Nicotiana glauca (3) and Nicotiana glutinosa (15) may be given as examples 
of plants onee thought to show no symptoms of tobacco mosaic though serv- 
ing to carry the disease, which have since been shown to be susceptible and 
to show definite svmptoms of mosaie. 

Relation of Physalis pubescens to the overwintering of cucumber mosaic. 
During the winter of 1922, seed collected from mosaic ground cherry plants 
at Rockland, Wisconsin, was planted in the greenhouse at Madison. These 
trials gave no indication that the disease was seed borne. A total of 1031 
seedlings was grown from the seed of mosaie plants, but none of the plants 
showed any evidence of mosaic. It is probable, therefore, that the cultivated 
annual ground cherry is not a factor in overwintering of cucumber mosaie. 


EXPERIMENTS WITH PERENNIAL SPECIES OF PHYSALIS 

Although the cultivated ground cherry apparently was not eoneerned in 
the overwintering of mosaic, it was known that certain perennial Physalis 
species were affected with mosaic. A study therefore was made of all the 
plants of this genus which could be found in the vicinity of the experimental 
fields at Rockland, Wiseonsin. In preceeding years, wild cucumbers and 
milkweeds were found in considerable numbers at Rockland, many of them 
mosaic; but, as a result of the earlier eradication of these hosts, no wild 
cueumber and but few milkweeds were present during 1923. The discovery 
of large numbers of mosaie plants of two wild perennial species of Physalis, 
P. heterophylla Nees (Pl. XXXII, B) and the more abundant P. subglabrata 
MeKenzie and Bush (Pl. XXXII, A), indieated the possibility of their being 
an important factor in the overwintering of the mosaic disease of the culti- 
vated ground cherry and the cucumber, since the annual ground cherry was 
known to be susceptible to cucumber mosaic. These mosaic perennials appar- 
ently were limited to the neighborhood of fields then planted to eueumbers or 
were on land that had been in cucumbers at some time previously. Efforts 
were made to transfer roots of plants of both wild species to the greenhouse, 
but in most eases the plants died. Seed of both species were obtained from 
outside sourees, but it was found upon planting that the seed labelled P. 
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heterophylla produced plants annual in habit ; consequently the work on this 
species was restricted to inoculations made from a few mosaie P. hetero- 
phylla plants grown from roots brought in from the field. 
Cross-inoculation from perennial species of Physalis to the cucumber. 
Since preliminary cross inoculation work indieated that the mosaie diseases 
of P. pubescens and P. subglabrata were identical, it was thought unneces- 
sary to duplicate all the work done with P. pubescens on P. subglabrata. 
Since both P. heterophylla and P. subglabrata were susceptible to eueumber 
mosaic, it seemed probable that these perennial species were sources of pri- 
mary mosaic infection to cucumber in the field. To prove that this was 
indeed the case, inoculations from mosaie P. subglabrata and P. heterophylla 
were made to cucumbers by means of aphids. The results of these experi- 
ments are given in table 8. Results of the reciprocal inoculations, mosaie 
eucumber to P. subglabrata, appear in table 9. These results show that the 


TABLE 8.—Results of inoculation of healthy cucumber plants by means of aphids from 
mosaic and healthy species of perennial Physalis 


No. 
Date inoculated Source of aphids No. No. Date observed 
aphids plants 
Mareh 29, 1924 Mosaie P. subgla- 20 8 3 April 8, 1924 
brata 
March 29, 1924 Healthy P. sub- 20 8 0 April 8, 1924 
glabrata 
(Control) 
May 15, 1924 Mosaic P. subgla 20 8 2 May 23, 1924 
brata 
May 15, 1924 Healthy P. sub 20 8 0 May 23, 1924 
glabrata 
Control ) 
March 22, 1924 Mosaic P. hetero 20 6 t March 29, 1924 
phylla 
March 22, 1924 Healthy P. hete 20 6 0) March 29, 1924 
ophylla 
(Control) 
May 15, 1924 Mosaic P. hetero 20 4 1 May 23, 1924 
phylla 
May 15, 1924 Healthy P. heter- 20 4 0 May 23, 1924 
ophylla 
(Control) 
June 27, 1924 Mosaic P. hetero 20 6 l July 7, 1924 
phylla 
June 27, 1924 Healthy P. heter- 20 4 0 July 7, 1924 
ophylla 


( Control ) 
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mosaic diseases of cucumbers and perennial species of Physalis are inter- 
transmissible. This fact, coupled with the ability of aphids to transmit the 
disease, makes the relationship of perennial wild Physalis species to cucum- 
ber mosaic seem an important one. 


TABLE 9.—Results of inoculation of healthy plants of Phiyusalis subglabrata by means 


of aphids from mosaic and healthy cucumber plants 


No. 
Date inoculated Source of aphids : No. me, plants Date observed 
aphids plants 
Cucumber 

March 26, 1924 Mosaie 20 12 2 April 23, 1924 
March 26, 1924 Healthy 20 10 0 April 3, 1924 

(Control) 
April 8, 1924 Mosaie yA 10 4 April 20, 1924 
April 8, 1924 Healthy 25 ° 0 April 20, 1924 

(Control) 
May 20, 1924 Mosaic 20 10 p24 Mav 30, 1924 


Importance of peren nial Physalis species in the overwintering of cucum- 
ber mosaic. The probability of perennial species ot Physalis being an im- 
portant source of primary mosaic infection led to the eradication of these 
plants, together with others, in the experimental area at Rockland, W iscon- 
sin, during 1923. Wherever wild Physalis plants were found, they were 
removed, the area being inspected throughout the summer at intervals ot 
approximately two weeks. At the end of the summer of 1923, the amount 
of mosaie at Rockland had been greatly reduced as compared with that of 
the preceding season; and, as the mosaic of milkweeds and wild cucumbers 
had been practically exterminated during the preceding seasons, it seems 
probable that the reduction in the amount of the disease was due in great 
part to the removal of the ground cherry, the only remaining wild host of 
importance, Similar results were obtained in 1924 and will be published 
ina fortheoming paper by Doolittle and the writer. 

The results of these eradication experiments, and the fact that cross- 
inoculations have shown that the perennial ground cherries earry cucumber 
mosaie over winter, indicate that these plants are important as sources of 
primary infection to the cucumber in the spring. This may easily be the 
ease, for mosaic plants of P. subglabrata have been observed at Roekland, 
Wisconsin, early in May, a month before cucumbers appear above ground. 
Insects, particularly aphids, may transmit the disease from these plants 
direetly to the eueumber, or they may infect the garden species of Physalis, 
from whieh the cucumbers may later be infected. It is possible that cucum- 
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bers in the field are infected by both of these methods. Flea beetles are ecom- 
monly present on species of Physalis, and preliminary work by Gardner and 
Kendrick (11) indicates that these insects may transmit the mosaie disease. 
Aphids are probably of greatest importance, however, and when mosaie once 
appears in a cucumber field and these insects are abundant, the disease 
spreads very rapidly. In the fall, eueumber plants die before the wild 
ground cherries, and aphids or other inseets moving to these plants which 
are still green may transmit cucumber mosaie to them, thus establishing « 
source of primary infection the following spring. The number of mosaic 
perennial Physalis plants is likely to increase constantly, since they are sus- 
ceptible to mosaic diseases of several types, and the disease is probably often 
transmitted from one wild host to another. The possible importance of this 
genus is increased by the fact that Gray lists eight perennial species of 
Physalis, representatives of which are widely seattered over the entire 
United States. 
SUMMARY 

1. The mosaic disease of Physalis pubescens Li. is readily transmitted to 
the cucumber by means of the cucumber aphis, and cucumber mosaic is 
also transmissible to P. pubescens by the same means. Infection ean be 
secured between these hosts by artificial inoculation also, but the percentage 
of infection is lower by this method. 

2. The mosaie diseases of pokeweed, tobacco, and tomato are also trans- 
missible to P. pubescens. 

3. Physalis pubescens is an annual, and the disease is not transmitted 
through the seed. 

4. It has been found that a mosaie disease lives over winter in two peren- 
nial species of Physalis, P. subglabrata and P. heterophylla. The mosaic 
disease on these plants is readily communicated to the eueumber by means 
of the eueumber aphis and by artificial inoculation, and is also transmissible 
to P. pubescens. 

5. Field observations indicate that mosaic infection is common on peren- 
nial species of Physalis in the vicinity of eueumber fields, and the results 
of field experiments indicate that these wild hosts are an important source 
of primary infection for the 
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DESCRIPTION OF PLATES 


PLATE XXX] 
A. A mosaic plant of Physalis pubescens showing mottling, crinkling and dwarfing. 
tling of the type shown here is common in plants showing the first symptoms of the 
ise, the other symptoms appearing later. 


B. Mosaic plant of P. pubescens showing an acute degree of crinkling. 


PLATE XXXII 
A. Leaves of Physalis subglabrata; leaves at extreme right and left are healthy, 
in center are mosaic. 


B. Leaves of Physalis heterophylla; the upper row are mosaic, lower row healthy. 
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ATTENUATION OF THE VIRUS OF SUGAR BEET CURLY-TOP 


EUBANKS CARSNER! 


WitH PLATES XXXIII tro XXXVII 


STUDIES WITH CHENOPODIUM MURALE 

The fact has been previously reported (2) that by passage of the virus 
of the curly-top disease of sugar beets through nettle-leafed goosefoot, 
Chenopodium murale, the virus is so attenuated that when transmitted to 
healthy young sugar beets it either fails to cause the curly-top disease or 
usually produces only mild cases. Thirty-three experiments have been re- 
corded in which leaf-hoppers reared on Chenopodium murale, progeny of 
viruliferous parents, have been caged on one or more healthy sugar beets 
or other susceptible plants. These progenies, as demonstrated earlier (4), 
would under these circumstances have had to acquire the virus from the 
C’. murale on which they were reared in order to transmit it to other plants. 
In twenty of the thirty-three tests, the plants to which the leafhoppers from 
C. murale were transferred remained healthy. In thirteen of the tests, 
some or all of the plants developed svmptoms of curly-top. Nineteen of 
the sugar beets used in these thirteen tests developed the first symptom of 
the disease, the clearing of the small veins of the youngest leaves; and of 
these nineteen, fifteen subsequently lost all symptoms of the disease or 
developed only very mild cases, manifesting little or no dwarfing and only 
inconspicuous vein swellings.? In some of the tests, chickweed, Stellaria 
media, was used in addition to beet plants to test the leafhoppers from 
C. murale. Chiekweed is very susceptible to curly-top infection. The de- 
tails of one test with it are worth noting (Table 1). 

The fact that the leafhoppers may secure the attenuated virus from 
Chenopodium murale does not interfere with their securing and transmit- 
ting the more active virus. Tests have been made in which leafhoppers 
reared on C. murale produced the mild form of curly-top in beets and were 
then caged for a few days on a plant affected with the severe form of the 

1The writer wishes to acknowledge the collaboration of Mr. C. F. Stahl, formerly 
of the Office of Truck-Crop Insects, Bureau of Entomology, in some of the work reported, 
and the assistance of Mr. C. F. Lackey, junior pathologist, Office of Sugar-Plant Inves- 


tigations, Bureau of Plant Industry, in some of the experiments. 


2In some of the earlier of these tests records were made of the appearance of curly- 
top symptoms, but no subsequent record was taken. It is not, therefore, definitely known 
that four of the nineteen affected beets developed mild cases of curly-top. 
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TABLE 1.—The attenuation of curly-top virus by Chenopodium murale, as indicated by 


inoculating Stellaria media with virus from Chenopodium murale 


Results of inoculating Stellaria me- Results of inoculating Stellaria me- 
Date dia with virus from Cheno dia with virus trom a severely 
podium muratle affected curly-top beet 
Nov. 14, 1923 ‘Seven leathoppers reared on C.|Two leafhoppers from severely 
murale trom viruliferous females! fected beet were caged on S, 


were caged on S. media | media 
Nov. 19 Healthy Diseased 
Dee. 1 Diseased—taint but definite symp-! Severely damuaet 
toms 
Dee. 4 No chlorosis Marked 
17 Slight chlorosis of terminal leaves | Dead 


disease and finally transferred to healthy beets. The beets to which these 
insects were at last transferred developed severe cases of curly-top. Beets 
affected with the mild form of the disease are neither rendered immune 
from nor more resistant to the severe form of the disease than are healthy 
beets. Leathoppers from a severely affected curly-top beet have been 
caged on beets affected with the mild form of the disease, as well as on 
healthy controls. The symptoms of the severe disease developed in both 
lots. 
STUDIES WITH RUMEX CRISPUS 

Curly dock, Rumesc crispus, is another plant whieh, with Chenopodium 
murale, Was previously reported (1) as nonsusceptible to curly-top because 
nymphs reared on it from viruliferous females failed to produce curly-top 
when transferred to sugar beets. This result was obtained with an old 
dock plant which was transplanted to a pot from the field. Further study 
of the matter was undertaken when Dr. Hl. P. Severin stated to the writer 
that he had obtained curly-top symptoms on the dock by inoculating young 
plants. The later tests have been made with plants grown from seed. 
These tests show that R. crispus is resistant to the action of the virus and 
that the virus is attenuated by passing through it. It will make the results 
clearer to give the tests in detail (Tables 2 and 3). 


STUDIES WITH SUAEDA MOQUINI 


Another plant which is of interest in regard to attenuation of the eurly- 
top virus is alkali blite, Suaeda moquinit Greene. This perennial is probably 
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TABLE 2.—Symptoms of curly-top produced on Rumex crispus inoculated by means 
d by of leafhoppers 
Exp. 
ely No. Date Treatment and results 
i ] Sept. 6, 1924 Two viruliferous leafhoppers caged on each of 12 Rumer crispus 
‘ “ plants. Plants had 4 true leaves. Controls of same age were 
not inoculated. Inseets removed Sept. 10. 
Sept. 17 Eleven of the 12 inoeulated plants showed slight, irregular 
: vein swellings on the youngest unfolded leaf. 
Oct. 23 The leaves of the diseased plants showed no marked evidence 
ania of dwarfing or rolling. Some of the leaves showed a few 
scattered, rough swellings of the veins on the lower surfaces, 
with distinct indentations of the upper surfaces over these 
swellings. The plants were evidently very mildly affeeted. 
Nov. 5 Definite symptoms of ecurly-top could be found only by very 
hese close examination of those plants which had previously shown 
eets clear-cut symptoms. 

2 Sept. 3, 1924 On each of 4 young R. crispus plants, 6 viruliferous female leaf- 
Ithy hoppers were caged. On each of 4 similar plants, 6 non- 
een viruliferous leafhoppers were caged. 

sal Nov. 5 One of the plants with viruliferous insects was definitely dis- 
eased, showing fairly conspicuous vein swellings and dwarfing. 
Nov. 18 The leaves of the plant affected on November 5 were about half 
as long as those of the controls. &. crispus was not nearly 
ium so severely affected as a beet of the same age would have been 
suse under the same conditions. The other three inoculated plants 
showed inconspicuous vein swellings and slight dwarfing 
—/ | (PLate XXXIII). The weights in grams of the entire plants 
old (leaves and roots) were: 4 controls, 31 to 38.5, total 142.5; 
udy 4 inoculated plants, 12 to 26, total 74. 

s Dee. 19, 1924 Seven viruliferous leafhoppers were caged on a R. crispus plant 
ang which had 5 true leaves. Seven nonviruliferous leafhoppers 
ped. were caged on a similar plant. Insects removed after about 
and 10 days. 

Jan.19,1925 <A few very inconspicuous vein swellings could be found on the 
inoculated plant, but it was as large and as vigorous as the 
control. 
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TABLE a. The atte nuation of curly top iris by Rumer CTISpUs, as indicated by inocu- 


lating sugar beet plants with the virus from Rumer Crispus 


Procedure and results 

l Nov. 17, 1924 From the 4 diseased R. crispus plants, marked A to D, of ex 

periment 2, table 2, leafhopper nymphs were transferred to 

healthy sugar beets as follows: from A, 20 nvmphs; from B, 

15 nymphs to each of two beets; from C, 6 nymphs: from 
D 63 nymphs. 

Dee. 2 Beet A was too heavily loaded with inseets—62 nymphs were 

recovered from it and transferred to a fresh healthy beet 

Dee. 3 Condition of beets: A was healthy; B’ and B” showed econ 
spicuous vein symptoms on the younger leaves—no evidence 
of dwarfing; C showed definite, conspicuous vein clearing of 
the three youngest leaves, but the symptoms were less ad 
vanced than in the B beets; D had not grown enough to show 
symptoms—disearded by mistake. 

Dee, 19 The four beets A, B’, B”, and C and beet AA all showed defi- 

nite symptoms of ecurly-top—vein swellings—but all seemed 

only mildly affected. 


Jan. 21, 1925 All tive of the beets had reeuperated or continued as mildly 
affected cases. All showed vein swellings on the older leaves. 
Some showed faint clearing of the younger leaves, while with 
others the younger leaves appeared normal. 
2 Nov. 6, 1924 Fifteen viruliferous adult | 


leafhoppers were caged on a young 


> 


R. Crispus plant. 

Dee, 19 The R. crispus plant showed no dwarfing but did show seattered 

vein swellings on some of its leaves. Thirty-three nymphs 

were transferred from it to each of two healthy young sugar 
beets. 


Jan. 19, 1925 Both of the beets were healthy. 


3 Dec. 23, 1924 Four leafhoppers reared on eurly-top R. crispus (inoculation 
experiment No. 2) were caged on each of 20 small healthy 
sugar beet seedlings. On each of 20 similar seedlings 4 leaf- 
hoppers from a severely affected eurly-top beet were caged. 

Dee. 3 Plants with insects from R. crispus: of 18 plants surviving, 7 


were diseased. Plants with insects from eurly-top beet: of 


18 plants surviving, 18 were diseased. 
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TABLE 3.—(Continued) 

Exp. 

No. Date Procedure and results 


Jan. 6, 1925 Plants with insects from R. crispus: of 18 plants surviving, 16 


were diseased. 


Jan. 12 Contrast between the two lots of beets was beginning to give 
evidence of the attenuation of the virus by R. crispus. The 
first pair of true leaves of the plants infected with the virus 
from &. crispus were as curled and showed fully as conspieu- 
ous vein proliferations as did the corresponding leaves of the 
other lot, but were more nearly normal in length. The 
younger leaves (third and fourth true leaves) showed fewer 
conspicuous swellings on the veins and were noticeably less 
dwarfed than the corresponding leaves of the plants infected 
with the more active virus (PLATE XXXIV, A, B). 


Feb. 4 Contrast between the two lots was marked. All the plants in- 
fected with the attenuated virus were mildly and uniformly 
affected. Those of the other lot were severely affected 
(PLATE XXXIV, C, D). 


of considerable importance in helping to tide the beet leafhopper over the 
dry periods of fall and early winter when favorable annuals are not yet 
available for food. Severin (3) reports collecting the inseets from Suaeda 
moquini and from S. depressa, which closely resembles the species under een- 
sideration. The writer and his colleague, C. F. Stahl, have on several ocea- 
sions collected Eutettic tenella from S. moquini. As opportunity has af- 
forded, studies have been made of this plant as to susceptibility to eurly-top 
and the effect of the plant on the virus. The tests thus far made may well 
be given in detail (Table 4). 


ATTENUATION UNDER NATURAL CONDITIONS 

The few experiments which have been made with Suaeda moquini clearly 
show, in the writer’s opinion, that this species is resistant to the injurious 
effect of the curly-top virus and attenuates that virus in a way comparable 
with the two other species discussed. The attenuation which it causes prob- 
ably indicates the explanation of the facts discovered in testing leafhoppers 
collected from the vicinity of Bakersfield, California. As will be explained 


further, a considerable proportion of these insects were found to have the 
curly-top virus in an attenuated condition. It is not meant that the Suaeda 
was responsible for all the attenuation which occurred, but that this attenua- 
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tion was brought about by the passage of the virus through uncongenial 


host plants. 


TAI 


3LE 4.—Attenuation of curly-top virus by Suaeda moquini, as indicated by inoculat- 


ing sugar bect plants by means of viruliferous leafhoppers from Suaeda moquint 


Exp. 


No. 


Date Procedure and results 


Feb. 21, 1924 Four adult leafhoppers collected from S. moquini near Bakers- 


field, California, were caged on a healthy sugar beet seedling. 


Mar. 5 Beet was healthy. Leafhoppers having the unattenuated virus 
would have produced curly-top symptoms in such a beet in less 


time than had elapsed. 
Mar. 18 The beet showed symptoms of the mild form of curly-top. 


Sept. 18 On a small S. moquint plant, three viruliferous female leaft- 
ho pers were caged, 


Oct. 28 Leafhopper nymphs had hatched out on the plant. Five of these 


nymphs were transferred to each of five healthy young sugar 
beets. 
Nov. 4 One of the five beets showed faint but definite veinlet clearing, 


the early symptom of curly-top. 

Nov. 7 The veinlet clearing noted on November 4 had become very in- 
conspicuous, but faint veinlet clearing was visible on the next 
smaller leaf, the youngest. Apparently the beet was but 
mildly affected. 

Dee. 3 The diseased beet showed vein swellings—very inconspicuously 

on only one leaf, a leaf now mature. The plant was not 
dwarfed. The other four beets were healthy. 


Nov. 7 and On November 7, five more nymphs were transferred to each of 


Nov. 17 two voung healthy beets from the Suaeda plant of test No. 2; 
and on November 17, 25 nymphs were transferred to another 
beet. 

Dec. 19 All three beets were healthy. The Suaeda plant (inoculated 


September 18) had grown vigorously, and no evidence of the 
disease could be found on it. 

Nov. 6. 1924 On each of four S. moquini seedlings, about three inches tall, 
five viruliferous male leafhoppers were caged. On each of 


two similar plants, five nonviruliferous males were caged. 
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TABLE 4.—(Continued) 
Exp. 
No. Date Procedure and results 
Dee. 15 All four inoculated plants were stunted. The controls were 


approximately twice as large (PLatE XXXV,C,D). Close 
examination revealed occasional irregular swellings on some 
of the leaves of two of the affected plants (PLATE XXXV, A, 
3). These two plants had been kept against the south wall of 
the greenhouse—a_ position better lighted and_ relatively 
warmer than that where the other two inoculated plants were 
kept. The two latter plants did not show the leaf swellings. 
The viruliferous insects were removed, and ten nonviruliferous 
insects were caged on each of the four inoculated plants. 

Dee. 18 The leafhoppers were transferred from each Suaeda plant to a 
separate young healthy beet. 

Jan. 6, 1925 One of the beets showed the early stage of vein clearing on a 
part of the youngest leaf. The other three were healthy. 

Jan. 21 Another one of the beets was noted as diseased. The age of the 
leaves showing symptoms indicated that the first symptoms 
had appeared about a week earlier. Both of the diseased 
beets were mildly affected. Record was not made of whieh 
Suaeda plants the inseets came from which produced the dis- 
ease. Probably they were from those two which showed the 


leaf swellings. 


The tests with the beet leafhoppers from the Bakersfield district were 
made on young sugar beets in a greenhouse at Riverside, California. The 
insects were collected at various times in the late winter and spring of 1924 
from sugar beet fields and wild vegetation. <A total of 801 leafhoppers 
were tested either singly or in small groups. <A few of the tests given in 
detail will suffice to show the trend of the results (Table 5). 

The fact that, in the tests with the leafhoppers from the Bakersfield dis- 
trict, most of the inseets failed to produce curly-top symptoms within 
periods ten to twenty days longer than is required by leafhoppers with the 
more effective virus, and that most of the cases of the disease which they 
did produce were mild eases, justifies the conclusion that a considerable pro- 
portion of these leafhoppers had the virus in an attenuated form. This de- 
duction is supported by field observations at Bakersfield. In the first place, 
the small amount of disease evident on March 14 in two beet fields where leaf- 
hoppers were found present early in February was contrary to what would 
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TABLE 5: The atte nuatton of curly top virus under fie ld conditions, as indicated by 
inoculating sugar beet plants in the greenhouse by means of leafhoppers 


collected from sugar beet fie lds and wild ve ge tation 


Exp. 

No. Date Procedure and results 

] Feb, 25, 1924 Fifty-seven adult leafhoppers collected from sugar beet fields 
and wild vegetation were caged on healthy young sugar beets 
as follows: 5 on each of 4 small plants and 87 on one larger 
plant. 

Mar. 5 One of the plants with 5 insects showed symptoms of eurly-top. 
The other 4 were healthy. 

Mar. 29 The diseased plant was mildly affected. The plant with 37 
insects showed mild symptoms on its voungest leaf. Under 
the same conditions leafhoppers with the unattenuated virus 
would have produced the severe form of curly-top in six to 
ten days. 

2 April 15 On the plant of test No. 1, which showed symptoms on March 5 
and from which the leafhoppers from Bakersfield had been 
removed, 15 nonviruliferous leafhoppers were caged. Ten 
nonviruliferous insects were caged on a_ severely affected 
curly-top beet. 

April 238 Krom the mildly affected beet, 6 leafhoppers were transferred 
to one young sugar beet and 7 to another. From the severely 
affected plant, 5 insects were transferred to a young sugar 
beet plant and 4 to another. These latter plants were for 
controls. 

May 2 The plant with 7 insects showed symptoms of eurly-top. The 
one with 6 inseets was healthy. Both controls were diseased. 

Sept The plant with 6 insects had developed a mild ease of curly-top. 
The date on which symptoms first appeared had not been 
recorded. Both plants were still very mildly affected. 

3 Mareh 25 The insects used were collected from sugar beet fields and from 


wild vegetation—Erodium cicutarium and Atriplex semi- 
baccata. From beet fields: 16 


2 insects were caged singly on 
healthy beet seedlings and 36 on a larger beet plant. From 
wild vegetation: 81 insects were caged in odd lots on 6 beets. 
As a control, one viruliferous leafhopper was caged on each 
of 4 beet seedlings. 


March 31 Three cheeks diseased. All other plants healthy. 
April 2 Plants with insects from beet fields: 6 of those with single 


insects and the one with 36 insects showed curly-top symp- 


toms. Plants with insects from wild vegetation all healthy. 
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TABLE 5.—(Continued) 


Exp. 
No. Date Procedure and results 
April 10 Three of 4 checks diseased. Thirty-two diseased of 162 plants 
on which inseets from beet fields were caged. Six plants with 
insects trom wild vegetation all healthy. 
{ April 22 Seventy-five leafhoppers collected from beet fields on April 19 


were caged singly on healthy young beets. Twelve viru- 


liferous leatfhoppers were caged singly on similar plants. 


May 3 One of the 75 beets was diseased. Eight of the 12 checks were 
diseased. 


May 10 Ten of the 75 beets were diseased. Nine of the 12 checks were 


diseased. 


May 258 Twenty-two of the 75 beets were diseased—all mild cases. The 


9 diseased checks were all severely affected. 


have been expected if the leafthoppers had had the more active virus. Of 
course the relatively low temperatures of the period retarded the development 
of the disease, but it is improbable that this one factor entirely accounted for 
the situation. In the second place, a considerable proportion of the plants 
which were diseased early in the season (April 8) were only mildly affected 
later in the spring (May 16). When the latter observation was made, these 
mildly affeeted plants showed prominent vein swellings on some of the older 
leaves while the newer leaves were nearly normal in appearance. Observa- 
tions in a commercial sugar beet field at Riverside, California, indicate that 
in this district a considerable proportion of the numerous beet leafhoppers 
present had the curly-top virus in an attenuated form comparable to that 
found at Bakersfield. On May 29, 1924, approximately twenty-five per cent 
of the plants showed disease. Basing their decision on the size of the plants, 
the amount of disease, and the number of leafhoppers present, some sugar 
beet growers would have ploughed up the field. On July 14, the field pre- 
sented a much better appearance than had been anticipated. Nearly all the 
plants in the field showed symptoms of curly-top, but a large proportion of 
them were merely mildly affected. The grower reported a profitable yield 


from the field. 

Further study of the effect of the attenuated virus on the growth of 
sugar beets was conducted in the late summer and fall of 1924. The findings 
can be made clearer by giving the procedure (Table 6). 
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Results of inoculating sugar beet plants with attenuated and unatte nuated 
curly-top virus by means of leafhoppers 


Exp. Procedure and results 

No. Date With attenuated virus With unattenuated virus 

1 July 3, 1924 Twelve nonviruliferous leaf- Twelve nonviruliferous leaf 
hoppers caged on a mildly hoppers caged on a severely 
diseased beet whieh was in- diseased beet—one of the 
oculated by a leafhopper controls of the test of April 
from the Bakersfield district 22. 
on April 22. 

August 12 Fifteen leafhoppers, adults Ten leafhoppers, mostly 
and nymphs, from the mildly nymphs, were caged singly 
affected beet were caged on similar beets which were 
singly on small healthy beet growing under the same con- 
seedlings. ditions. 

August 1S Two of the fifteen were dis All ten were diseased. 
eased. 

August 25 Twelve of the fifteen were dis All ten were severely affected. 
eased, 

Sept. 15 Two plants remained healthy. One of the check plants was 
Two whieh onee showed dead. Nine cheek plants 
symptoms now appeared en weighed 12.4 grams (PLATE 
tirely normal. Ten of the XXXVI, A). 
mildly affected plants 
weighed 307.5 grams (PLATE 
XXXVI, B) 

2 Sept. 23 Fifteen — adult leafhoppers Fifteen adult leafhoppers from 
Which had been reared on a severely affected curly-top 
the mildly affected beet. in beet were caged singly on 
experiment 1 were caged young healthy beets. 
singly on young healthy 
beets. Similar plants were 
left uninoculated under sim 
ilar conditions. 

Oct. 9 Eleven diseased —all mild Twelve  diseased—eleven se- 
cases, verely affected. 

Nov. 11 The diseased plants were Twelve of the fifteen were 
dwarfed in comparison with severely and uniformly af- 
the plants uninoculated but fected and weighed 58 grams. 


were less affected than the 
diseased cheeks (PLATE 
XXXVIT). Ten of the mildly 
affected plants weighed 155 
grams, Fourteen healthy 
plants weighed 625 grams. 
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DISCUSSION 

Inasmuch as the attenuation of a virus causing plant disease has not 
previously been reported, so far as the writer is aware, and because the 
developments at different stages in the experiments are significant, the 
details of the principal tests which demonstrated the attenuation have been 
given. 

In view of the evidence that the virus which produces the mild disease 
is the same as that which eauses severe curly-top, except for the faet that it 
is attenuated, and the essential similarity of symptoms in the two eases, the 
writer deems it advisable to consider the mild disease as a mild form of 
eurly-top rather than as a distinct virus disease. 

The question may arise as to why there are such regional variations in 
curly-top epidemies as have been observed between central and southern 
California. Epidemies of the severe form of the disease have repeatedly 
oecurred in the central part of the state, while in the southern part the mild 
form of the disease has been the dominant type—at least during the past 
two seasons. There is no marked difference in the climate of the two dis- 
tricts and the floras are similar. <A difference between the two regions, 
which may be significant, is that sugar beets have been grown continuously 
and extensively for many vears in central California, while in the area 
under consideration in the southern part of the state the crop has been 
erown only intermittently and in relatively small acreages. In view of 
these facets, it may be that the virulence of the virus has been maintained 
in the one ease because beets were available each season, while, in the other, 
attenuation resulted because the virus was earried over mainly in wild 
plants which caused attenuation. Attenuation unquestionably occurs in 
regions subject to epidemics of the severe disease, but is usually unnoticed 
because the severe form of the disease predominates and even masks the 
mild form. It is easy to understand how the unattenuated virus may be 
overwintered in an area where it is abundant because, in addition to the 
attenuating plants, there are other agencies which are known to carry the 
virus over winter and which do not attenuate it. These are: diseased beets 
from the previous season, susceptible (non-attenuating) wild annuals, such 
as Erodium cicutarium, and the viruliferous beet-leafhoppers themselves. 

The question as to whether the attenuated virus may again become viru- 
lent is still open. The evidence which thus far has been obtained is not 
conclusive. It may be said, however, that, in the writer’s tests, virulence 
has not been restored by quickly passing the attenuated virus through sugar 
beets or even more susceptible plants. 
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SUMMARY 

The three species, Chenopodium murale, Rumesr crispus, and Suaeda 
moquini, which have been found very resistant to the virus of curly-top, 
have been studied in regard to their effect on the virus. It has been found 
that, on passage through these plants, the virus becomes so attenuated that 
it causes merely a mild form of curly-top when transferred to healthy beets 
or other susceptible plants. 

The attenuated virus has been found to occur in beet-leafhoppers when 
collected from their natural breeding areas, and it has been assumed that 
the attenuation in these cases had resulted from the passage of the virus 
through resistant plants, of which the three species before mentioned are 
probably only representatives. 
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EXPLANATION OF PLATES 


PLATE XXXIII 
A. A leaf of a Rumer crispus plant showing curly-top symptoms. Note the incon 
spicuous swellings on the veinlets. On September 8, 1924, six viruliferous leafhoppers 
were caged on the plant from which this leaf was taken. Photographed November 18, 
1924. (See Table 2, Exp. 2.) 
B. Healthy R. crispus leaf from a plant on which six nonviruliferous leafhoppers 


were caged as a check. (See Table 2, Exp. 2.) 


PLATE XXXIV 
A. Sugar beets on each of which four leafhoppers from a severely affected curly- 
top beet were caged on December 25, 1924. Photographed January 12, 1925. (See 
Table 3, Exp. 3.) 
B. Sugar beets on each of which four leafhoppers which had obtained the curly- 


top virus from diseased R. crispus were caged December 23, 1924. Photographed Janu- 
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ary 12, 1925. Note that the younger leaves show conspicuous symptoms of curly-top 
but that they are not so dwarfed as are those in A. 

C. The same pot of plants shown in A. Photographed February 4, 1925. Eighteen 
of the 20 plants inoculated survived; all were severely affected. 

D). The same pot of plants shown in B. Photographed February 4, 1925. Eighteen 
of the 20 plants inoculated survived; 16 were mildly affected. 


PLATE XXXV 

A. Tip of main branch of a healthy Suaeda moquini. On November 6, 1924, five 
nonviruliferous leafhoppers were caged on the plant shown in C, from which this tip was 
taken. Photographed December 15, 1924. x 2 approx. (See Table 4, Exp. 4.) 

B. Tip of main branch of diseased S. moquini. Note papillae on leaves. On 
November 6, 1924, five viruliferous leafhoppers were caged on the plant shown in D, from 
which this tip was taken. Photographed December 15, 1924. x 2 approx. 

C. Control S. moquini, Five nonviruliferous leafhoppers were caged on this plant 
on November 6, 1924. Photographed December 15, 1924. 

I). Curly-top of S. moquini. Five viruliferous leafhoppers were caged on this plant 
on November 6, 1924. Photographed December 15, 1924. Note size in comparison with 
healthy control. From Suaeda plants thus affected, the attenuated virus has been trans- 


ferred to sugar beets, producing curly-top symptoms. 


PLATE XXXVI 

A. Sugar beets with severe form of curly-top. On August 12, 1924, a leafhopper 
from a severely affected curly-top beet was eaged on each of these nine plants. Photo- 
graphed September 13, 1924. Same magnification as B. 

B. Sugar beets with mild form of curly-top produced by attenuated virus. On 
August 12, 1924, leafhoppers which had obtained the virus from a mildly affeeted beet 
(inoculated by a leafhopper from Bakersfield, Calif.) were eaged on these ten plants, 
one insect to a plant. Photographed September 13, 1924. Note vein swellings (curly- 


top symptoms) on every plant, and compare size of plants with those in A. 


PLATE XXXVII 
A. Healthy sugar beet. Control for comparison with B and C. 
B. <A leafhopper with the virus from a severely affeeted curly-top beet was caged 
on this plant September 28, 1924. Photographed November 11, 1924. 


C. Mildly affected curly-top sugar beet. A leafhopper with the attenuated virus 


was caged on this plant September 23, 1924. Photographed November 11, 1924. 
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HYPERPLASTIC CRUSHING OF THE TRACHEAL TUBES IN 
MOSAIC TOMATO STEMS! 


Max W. GARDNER? 
WitH PLATES XXXVIIT anp XXXIX 

In a previous paper (3) it has been shown that the necrotic regions in 
the fruits of temato plants affected with the severe streak or winter blight 
type of mosaic are frequently accompanied by a hyperplastic or proliferative 
response. In a partial review of the literature it was shown that internal 
as Well as external necrosis was a very common symptom of the mosaic 
types of disease, and that hypertrophy and hyperplasia were sometimes asso- 
elated with this necrosis. 

The necrotic surface streaks on mosaic tomato stems, as well as internal 
necrotic lesions, have been described by several observers, including, in ad- 
dition to those mentioned in the paper to which reference has been made, 
Vanterpoel (7) in Canada. Inasmuch as a certain type of necrotic streak- 
ing of the stem in greenhouse tomatoes seems to be a reliable indication of 
the presence of mosaic, it is of interest to note that there are references to 
this trouble which antedate Bailey’s (1) account. Galloway (2, p. 347), in 
1889, cites a letter from a grower in whieh the necrotic symptoms of mosaic 
are described, and an earlier and more unmistakable record is contained in 
a similar letter quoted by Plowright (6) in 1887. 

A microscopic study of these mosaie lesions has shown that the necrosis 
may oceur in any of the tissues of the stem and petiole, and that frequently 
there is a vigorous hyperplastic response. Under certain conditions this 
hyperplastic or proliferative growth is so directed as to crush the tracheal 
tubes. Unstained razor sections of fresh material, and microtome sections 
of preserved material stained with Delafield’s haematoxylin, have been 
studied. 

The necrosis may occur in close proximity to the growing point in the 
very young regions of the stem. Hypertrophy of the adjacent cells may 
be present in this very young tissue, but extensive hyperplasia is found 
usually somewhat further back from the growing tip. This would indicate 
that the cell proliferation follows the necrosis and is a direct response to it. 

1Contribution from the Botanical Department of Purdue University Agricultural 
Experiment Station. 

2 The writer is indebted to Professor H. S. Jackson and Dr. E. J. Kraus for helpful 


suggestions and advice. 
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The necrotic pockets in the pith resemble those found by Kunkel in 
mosaie corn (4) and sugar cane (9). The affected cells collapse, and eavi- 
ties of various shape and size are formed, each lined with the collapsed 
necrotic tissue. Ilyperplasia of the adjacent pith cells occurs commonly, 
especially in very young pith (Pl. NXXNXIX, B) and when the necrosis is lo- 
cated near the outer regions of the pith. The outer regions of the pith con- 
tain the internal phloem strands, and the hyperplasia frequently originates 
near these strands in cases where there is no such response on the part of the 
pith cells lving on the inner side of the necrotic region. The hyperplasia in 
stems and petioles resembles that previously described in the fruit, and 
consists of zones, cushions, or whorls of thin-walled meristematic cells, de- 
void of intercellular spaces, growing in toward and crushing the necrotie 
cells, 

Necrotie strips in the cortex, which constitute the externally visible 
brown streaks, may be internal or may extend to the exterior, and may 
result in surface grooves or erevices, owing to the collapse of the necrotie 
tissue. The necrosis may occur in the epidermis, the subepidermal cells, the 
collenchyma, or the cortical parenchyma. Necrotic zones in the inner por- 
tions of the cortex may be attended by hyperplasia in the shape of a cushion 
of thin-walled rectangular cells growing outward from the phloem region 
against the necrotic zone (Pl. XXNXIX, D). This response was found most 
conspicuously developed in the base of the petiole. Necrotie surface streaks 
are frequently accompanied by hyperplasia of the underlying cortical cells, 
occasionally with the resultant formation of shallow surface blisters (PI. 
XXXVIII, A) not unlike those previously described on the fruit. 

The most vigorous hyperplastic response occurs, however, when the 
necrosis is in close proximity to the cambium, in whieh location plates of 
necrotic tissue, parallel to the cambial zone, seem to occur very frequently. 
These necrotic zones or planes are accompanied by a proliferative growth 
which apparently originates in the phloem region and pushes radially in- 
ward against the necrotie tissue and the xylem (Pl. XXNXVIII, B). Under 
the hand lens, this growth is clearly visible as a glassy zone, measuring some- 
times as much as 600 microns in radial thickness and bordered on the inner 
surface by a thin, brown, necrotic plane. The hyperplastic tissue is com- 
posed of short, thin-walled, closely packed cells quite unlike the xvlem ele- 
ments normally present in this region (Pl. XXNXVITT, C; PL XXXIX, C). 
In longitudinal section, there occasionally has been observed an attempt at 
tracheal tube formation near the tangential edge of this hyperplastie tissue 
in the shape of an irregular row of short cells showing the characteristic 
wall thickenings. 


These invasive hyperplastic growths are very similar to the internal 


intumescences found on the inner wall surfaces of the loeules in mosaie 
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fruits, except that they are considerably elongated in a direction parallel 
to the axis of the stem. In some cases, however, rather wide ares of the 
ecambial circumference are involved. <As in the ease of the fruit intu- 
mescences, it appears that the hyperplasia in the stem tissues is a response 
to the necrosis and that its occurrence depends upon whether or not the 
necrosis is located in or near reactive tissue. 

These internal growths develop considerable inwardly-direeted pressure, 
because they net only flatten the necrotic cells but also invade the xylem and 
erush the tracheal tubes which happen to he in their path (Pl. XXXVIII, 
C,D; Pl. XXXIX, A). The lumina of such tubes are completely obliter- 
ated, so that the latter obviously can no longer function as channels for the 
passage of water. In cases where a considerable proportion of the cireumfer- 
ence of the xylem evlinder is invaded by these tube-crushing hyperplastic 
growths, it is readily conceivable that the water supply to the distal portions 
of the stem might thus be cut off partially, and it seems possible that this may 
account for certain effects of the disease, such as the wilting of young 
leaves. 


SUMMARY 

The severe streak or winter blight type of tomato mosaic is characterized 
by necrotie strips and pockets in all of the tissues of the stems and petioles. 

This necrosis is frequently accompanied by hyperplasia or proliferation 
of the adjacent cells in the shape of zones or cushions of muriform tissue 
pushing in against the necrotic tissue. 

When necrotie planes occur near and parallel to the cambial region, the 
inwardly-directed hyperplastic response is often so vigorous as to invade 
the xylem and flatten and crush the tracheal tubes. 

PurDUE UNIVERSITY, 

AGRICULTURAL EXPERIMENT STATION, 
La Fayette, INDIANA. 
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EXPLANATION OF PLATES 


PLATE XXXVIII 
\. Surface blister on mosaie tomato stem eaused by hyperplasia of subepidermal 


cells underneath an area of necrotic epidermal cells. Longitudinal section, enlarged % 79, 


B. Cross section of mosaie tomato stem showing necrotic planes in the xvlem region 
pressed inward by the hyperplasia originating apparently in the phloem region,  En- 


larged 


C. Central part of B enlarged 74 to show the muriform, thin-walled tissue of the 


hyperplastic growth, and the flattening and crushing of the tracheal tubes upon which 
the abnormal growth impinges, 
D. Cross section showing abnormal hyperplastic growth pushing inward against a 


flattened plane of necrotic tissue and crushing the tracheal tubes. Enlarged « 86, 


PLATE XXXIX 
A. Cross seetion showing earls stage of the crushing of the tracheal tubes by a 
hyperplastie growth, Groups of normal tracheal tubes are visible at the extreme right 
and left sides, Enlarged 
hb. Cross section oft petiole showing necrotic zone in the pith accompanied ly hyper 
plasia of the surrounding pith cells. Enlarged « 40, 


C. Longitudinal seetion of the hyperplastie tissue pushing inward from the left 


against a necrotic plane and crushed tracheal tubes at the right. The cells are more 
or less rec tangular and are not greatly elongated. Enlarged 114. 
D. Section through cortex near base of petiole showing a necrotic pocket in the 


cortex and a hyperplastic cushion pushing outward and crushing the necrotie tissue, 


Enlarged o3. 
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THE MOSAIC DISEASE IN THE GARDEN PEA AND 
OTHER LEGUMES 


S. P. DOOLITTLE AND F. Jones 


WitTH XL 


INTRODUCTION 

Field observations of the past two years have shown that the mosaic 
disease of the garden pea (Pisum sativum) is widely distributed in Wis- 
consin. This disease was reported by Dickson (2) in 1922 as oeeurring in 
Quebee, and was also noted by Martin and Haenseler (5) in New Jersey 
in 1924. Mosaie plants were first observed at Madison, Wis., in 1923, and 
the disease was observed in many commercial fields in the state during 
1924. Although it occurred in experimental plats at Madison in the latter 
part of June, the disease was not generally conspicuous in the field until 
about July 15. The pea disease survey (4) records it in 63 fields in 
various parts of Wisconsin. Many of these fields showed only a trace of 
the disease, but a considerable number contained from 5 to 15 per cent of 
mosaic plants. In general, although certain varieties seemed to suffer 
slightly from the disease, mosaic cannot be considered at present a serious 
menace to peas grown for the canning industry. <A considerable amount 
of mosaic also occurred in 1924 on all varieties in the extensive pea trial 
grounds of Dr. W. B. Brotherton at MaeMillan, Mich. Dr. Brotherton 
reports that late season varieties were severely damaged. 

Among other legumes which show mosaic is the sweet pea (Lathyrus 
odoratus). Almost all of the sweet peas observed in the vicinity of Madi- 
son in 1923 and 1924 were infected with mosaic and severely damaged. 
The cultivation of this plant seems to have been generally abandoned in 
gardens at Madison beeause of this disease. Since the most common legume 
upon which mosaic occurs in gardens and near pea fields appears to be the 
red clover (Trifolium pratense)—a perennial upon which the disease over- 
winters—it seemed likely that the mosaie diseases upon these hosts might 
be intertransmissible. This paper is a record of studies of mosaic in these 


three species. 


SYMPTOMS OF MOSAIC IN THE GARDEN PEA AND SWEET PEA 
In the early study of mosaic in the garden pea, difficulty was sometimes 
experienced in distinguishing between certain distorted conditions of foliage 
occurring both in the greenhouse and field and true mosaic. Plants injured 
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by frost sometimes produce pale or crinkled foliage, suggesting a disease 
of the mosaic type. The mosaie studied here on the garden pea is charae- 
terized by a distinct mottling of the leaves, but there is little of the curling, 
wrinkling and general deformity of the leaf which oecurs in the sweet pea 
and in mosaic plants of some other families. Mosaie pea leaves are usually 
a lighter green than those of normal plants and, in most cases, the mottled 
appearance is due to the presence of numerous small, dark green areas 
which occur between the larger veins (Pl. XL, fig. A). These dark areas 
are irregular in outline and usually seem to follow the small veinlets, but 
there appear to be none of the large green areas which occur in the case of 
such diseases as tobacco mosaic. Where plants have been mosaie for some 
time, the symptoms are often of a different type. In such eases, the dark 
green portions of the leaves may be replaced by yellowish-green areas which 
are of similar size and outline but which are lighter in color than the rest 
of the leaf. 

In general, the leaves of mosaic peas are somewhat smaller than those 
of normal plants, and occasionally there is some slight curling of the edges 
of the younger leaves. Both symptoms appear most pronounced in the 
later varieties of more luxuriant growth. Such plants are occasionally 
considerably dwarfed by the disease, particularly if infected when small. 
In such cases, the pods appear to be smaller and fewer than those of healthy 
plants of the same varieties. The incubation period of the disease seems 
to vary from 6 to 14 days. 

The mosaie disease of the sweet pea differs from the disease on the 
garden pea in that the plants are much more severely affected. The dis- 
ease appears first in the younger leaves, and the symptoms at this stage 
are much like those of the garden pea. Occasionally, however, the contrast 
is greater between the dark areas and the remainder of the leaflet, which 
becomes a light greenish-vellow (Pl. XL, fig. C). As the disease progresses, 
the younger leaves develop a pronounced upward curling of the edges, which 
gives them a rolled appearance. Such leaves commonly develop: small, 
elongated areas which are light vellow and appear to be thinner than the 
remainder of the leaf. These areas may be either raised or depressed, 
usually the latter, and appear much like the results of inseet injury. 
Mosaic sweet peas are often much stunted in growth, not only of tops but 
of roots; and the plants sometimes appear to die of rootrot. The blossoms 
are streaked and paler than those of normal plants. A comparison made 
in 1924 showed that 32 mosaic plants produced only 85 blossoms in a period 
of 3 weeks from the time the first flowers appeared, while 38 healthy plants 


of the same varieties produced 187 blossoms in the same period. 
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INOCULATION EXPERIMENTS WITH MOSAIC OF THE GARDEN PEA 

The inoculation experiments with the garden pea were conducted chiefly 
in the field, using the Alaska, Telephone, and Eclipse varieties. All of the 
plants inoculated were grown under cages covered with cheesecloth in order 
to prevent chance infection by insects. The inoculations were made by 
artificial methods and by means of aphids. In the artificial inoculations, 
the leaves and stems of mosaic pea plants were crushed in a sterilized mor- 
tar and used as inoculum. Inoculations were made from peas found in- 
fected in the field and also from plants experimentally infected from this 
source. The inoculations were made by pricking a few drops of the mosaic 
juices into 4 to 6 of the younger leaflets and by inserting a small fragment 
of crushed leaf tissue in a slight incision near the base and at the tip of 
the stem. The control plants were treated in the same manner, using the 
juices of healthy pea plants. All of the controls were in the same cages 
with the plants inoculated. In the aphis inoculations, pea aphids [J//inoia 
(Macrosiphum) pisi (Kalt.) Baker| were transferred from mosaie pea 
plants to the leaves of healthy peas under cages. Approximately 10 aphids 
were placed on each plant, and an equal number from healthy peas were 
transferred to each of the control plants, which were under a separate eage. 
These experiments are summarized in table 1. 


TABLE 1.—Results of inoculations to garden peas from peas affected with mosat 


Method of No. plants No. plants 

Date inoculation inoculated mosaic Date observed 
6/17/24 Artificial 15 5 6/30/24 

do Control 10 0 7/10/24 
6 /26 /24 Artificial 27 S 7/ 8/24 

do Control 16 0 7/15/24 
7/ 3/24 Aphids 30 23 7/18 /24 

do Control 24 0 7/25 /24 
8 /12 /24 Artificial 20 16 8 /30 /24 
. do Control 17 0 9/ 5/24 
8/19/24 Aphids 16 16 8 /29 /24 

do Control 21 0 9/ 3/24 


All of the varieties of peas used were susceptible to the disease, but the 
Telephone seemed more easily infeeted than either the Alaska or the Eclipse. 
In the inoculations with the Telephone pea, 70 per cent of the plants were 
infected, while with the Alaska and the Eclipse only 40 per cent of the 
plants became diseased. The transmission by aphids was also indicated 
in certain field plants which showed only a trace of mosaic until about 15 
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days after they became heavily infested by aphids, when a high percentage 
of the plants showed mosaic. 


INOCULATION EXPERIMENTS WITH SWEET PEA MOSAIC 

Taubenhaus (6), in 1914, reported the occurrence of sweet pea mosaie 
in Delaware and described a series of experiments which indicated that it 
was transmissible either by artificial inoculation or by aphids. <A series 
of experiments by the writers has confirmed his results. These experiments 
consisted of artificial inoculations made in the same manner as deseribed 
for the garden pea and also of experiments on the transmission of the dis- 
ease by the pea aphis. The plants used in these experiments were grown 
in cages large enough to permit the worker to enter. Four varieties of 
sweet peas were used in the experiments: Glitters, Mrs. Cuthbertson, Fla- 
mingo, and Royal Scott, all of which proved susceptible to the disease. 
These experiments, as shown in table 2, have indicated that sweet-pea mosaic 
is transmissible either by aphids or by artificial inoculations. 


TABLE 2.—Results of inoculations to sweet peas from sweet peas affected with mosaic 


Method of No. plants No. plants 


Date inoculation inoculated mosaic Date observed 
6/16/24 Aphids 63 50 6/28 /24 
do Control 50 0 7/10/24 
6/17/24 Artificial 20 12 6/28 /24 
do Control 22 0 do 
8/13/24 Artificial 10 6 8 /25 /24 
do Control 10 0 8/30/24 


CROSS-INOCULATIONS FROM MOSAIC SWEET PEAS TO THE GARDEN PEA 

Cross-inoculations, both by means of the pea aphis and by the use of the 
expressed juices of mosaic plants, have shown that sweet pea mosaic is trans- 
missible to the garden pea. The Telephone and the Eclipse varieties were 
used under cages in the field. The results are given in table 3. 


CROSS-INOCULATIONS FROM MOSAIC GARDEN PEAS TO THE SWEET PEA 
Dickson (2) reported successful cross-inoeulations from the garden pea 
to the sweet pea in 4 out of 23 plants, but did not draw definite conclusions 
from the experiment. The writers have found that the sweet pea is readily 
infected with the mosaie occurring on the garden pea. Thirty plants were 


inoculated by means of aphids taken from mosaie garden peas, 28 of which 
developed mosaie within 15 days. Aphids from healthy peas were placed 
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on 20 other plants as controls, all of which remained healthy. Artificial 
inoculations of 38 plants resulted in infection in 20 eases. The results of 
the above cross-inoculations have shown that the diseases of the garden 


pea and sweet pea are intertransmissible, and, since the symptoms produced 
on these hosts when inoculated from either the garden pea or sweet pea ap- 
peared to be the same, no distinction has so far been found between the 
diseases on these two plants. 


TABLE 3.—Results of cross-inoculations to garden peas from mosaic sweet-pea plants 


Method of No. plants No. plants 

Date inoculation inoculatea mosaic Date observed 
2/27/24 Aphids | | 

do Control 13 0 do 

do Artificial 19 0 3/19/24 

do Control 3 0 do 
6/10/24 Aphids 32 22 6/21/24 

do Control 31 0 6/30/24 
6/26/24 Aphids 31 16 7/ 8/24 

do Control 29 0 7/10/24 
7/ 3/24 Artificial 16 8 7/15/24 

do Control 15 0 do 
8/19/24 Aphids 37 35 8/30/24 

do Control 39 0 do 

do Artificial 18 10 do 

do Control 15 0 do 


MOSAIC RED CLOVER AS A SOURCE OF INFECTION TO THE 
GARDEN PEA AND SWEET PEA 

The frequent occurrence of mosaic on red clover has been mentioned 
previously. Davis (1) states that this perennial plant harbors the pea 
aphis during the winter and that the aphids migrate from the clover to pea 
fields in the early summer. If these migrating aphids can transmit mosaic 
from red clover to peas, the presence of mosaic in the pea fields thus can 
be readily accounted for. Field observations have indicated that the mosaic 
in red clover is transmissible to peas. In 1924, a number of rows of peas 
were planted parallel to a plat of red clover in which a large number of the 
plants were affected with mosaic. Observations made early in July showed 
that 96 per cent of the peas were affected with mosaic in the row adjoining 
the clover. In the next row the infection on the peas was somewhat less, 
and the reduction in the amount of mosaic continued in each succeeding 
row, the fourth showing only 50 per cent of mosaic. It seemed probable 
that the row adjoining the clover was more severely affected with mosaic 
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as a result of the greater ease and frequency of the aphis migration from 
the clover, but data of this sort are, of course, merely suggestive. Inocula- 
tions were made, therefore, to determine the susceptibility of the garden 
pea and the sweet pea to the mosaic on red clover. 


CROSS-INOCULATIONS FROM MOSAIC RED CLOVER TO PEAS 

Most of the inoculations from red clover to peas were made by the artifi- 
cial method, using the same technique described in the ease of other inoeu- 
lations. The plants were grown in the field, and the controls were in the 
same cages with the inoculated plants. Two series of inoculations also 
were made with aphids. In this case the aphids from a cage of healthy 
peas were colonized on mosaic red clover plants in the greenhouse. After 
24 hours the insects which remained on the clover were transferred to peas 
under a cage in the field. Aphids from healthy clover plants were placed 
on other pea plants as controls. The results of these experiments, as shown 
in table 4, indicate that the mosaie ef red clover is transmissible to the 
garden pea either by means of insects or by artificial inoculation. It seems 
probable, therefore, that red clover acts as a source of mosaic infection to 
peas in the field. 


TABLE 4.—Results of inoculations to garden peas from mosaic red clover plants 


Method of No. plants No. plants 
Date inoculation inoculated mosaic Date observed 
6/24/24 Artificial 18 6 7/ 8/24 
do Control 17 0 7/15/24 
7/ 3/24 Artificial 17 8 7/14/24 
do Control 14 7/23 /24 
8/12/24 Aphids 10 7 8 /22 /24 
- do Control 9 0 8/30 /24 
do Artificial 24 12 8/23 /24 
do Control 20 0 8/30/24 
8/17 /24 Aphids 8 6 8/28 /24 
do Control 8 0 8 /30 /24 
8/21/24 Artificial 27 11 9/ 6/24 
do Control 29 Q 9/10 /24 
8 /27 /24 Artificial 23 8 do 
do Control 18 0 do 


CROSS-INOCULATIONS FROM MOSAIC PEAS TO RED CLOVER 


Some evidence has been secured in relation to the transmission of pea 
mosaic to the clover by aphids. Healthy red clover plants were grown in 


a cage with peas which were afterwards inoculated with pea mosaie. 
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Aphids were introduced into the eage after mosaie had developed on the 
peas, and a certain number of the insects migrated from the peas to the 
clover. At the end of 4 weeks, 6 out of 14 clover plants showed mosaic. 
Twelve healthy clover plants in another cage with healthy peas showed no 
signs of mosaic during the season, although aphids were present. Similar 
experiments are in progress. 


CROSS-INOCULATIONS FROM MOSAIC RED CLOVER TO SWEET PEAS 

As in the case of the garden pea, it has been found that the sweet pea 
is susceptible to the mosaie occurring on red clover. The inoculations in 
this case were made only by the artificial method and ineluded 62 plants, 
14 of which developed mosaic, while all of the 60 controls remained healthy. 
No inoculations have been made from the sweet pea to the red clover by 
the artificial method, but there is evidence that the pea aphis can transmit 
sweet-pea mosaic to this host. Healthy red-clover plants were grown in a 
cage of sweet peas which were inoculated with sweet-pea mosaic by means 
of aphids. After the aphids had been present for a number of weeks, it 
was found that 3 out of 10 of the clover plants had developed mosaic. 
Healthy clover plants in another cage of healthy sweet peas which were also 
infested with aphids showed no evidence of mosaic throughout the season. 


TRIALS WITH SEED OF MOSAIC PEA PLANTS 

Dickson (2) reported seed transmission of pea mosaic in certain varieties 
grown in the greenhouse, and, in a later abstract (3), mentioned further 
evidence of seed transmission in other varieties. In order to secure further 
evidence on this point, trials were made with seed collected by Dr. Brother- 
ton at MaeMillan, Mich., from 27 plants of the following varieties: Duchess 
of York, Prince Edward, Telephone, Carter’s Daisy, Sharpe’s Standard, 
and Eclipse. One hundred and sixty-two plants were grown in the green- 
house. The seed was planted on February 28, but no mosaic was noted 
on any of the plants until Mareh 27, when they had reached a height of 
about 8 inches. On this date 7 plants showed signs of mosaic, but, since 
the disease had not appeared on the older leaves, it seems likely that infee- 
tion came from other legumes in the houses, particularly since a few aphids 
had appeared in spite of efforts to control them by fumigation. During 
the spring of 1924, the remainder of this seed was grown under cheesecloth 
cages in the field. The seed was planted on June 15 and was covered with 
eages before the plants emerged. Four hundred and ninety-three plants 
were grown practically to maturity, none of which showed any evidence 


of mosaic. 
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In addition to this, another trial was made later in the season with 
seed collected from mosaic plants grown during 1924. The seed was col- 
lected from plants of the Alaska and the Ironclad field pea which developed 
practically all of this seed after their infection with mosaic. The seed was 
planted on August 16 under frames which were covered with cheesecloth. 
Due to the unusually cool moist summer, the plants made a vigorous and 
rapid growth and appeared to be little affected by the slight shading of the 
cloth. On September 11 the covering was removed and the plants ex- 
amined for evidences of mosaic. At this time they had reached a height 
of 12 to 14 inches, but none of the 1,038 plants of Alaska and 388 plants 
of Ironclad showed any signs of mosaic. In order to make sure that the 
symptoms of mosaic had not been masked by the shading of the cheesecloth, 
the covers were not replaced after examination of the plants and they were 
left in the open until September 28 when they were again examined. On 
this date there was still no sign of mosaie infection. The experiments to 
date, therefore, have comprised 1,919 plants grown from seed from mosaic 
plants under insect-proof cages without the production of a single mosaie 
plant. These experiments are being continued on a larger scale in 1925. 


CROSS-INOCULATION EXPERIMENTS WITH MOSAIC DISEASES OF OTHER LEGUMES 

Cross-inoculations have been made from mosaic sweet clover (Melilotus 
alba) and bean (Phaseolus vulgaris) to garden peas and sweet peas without 
success. Further trials are in progress. The unsuccessful inoculations are 
summarized in table 5. 


TABLE 5.—Summary of unsuccessful cross-inoculations from mosaic sweet clover and 
bean to the garden pea and sweet pea 


Plant used Plant No. plants No. plants Date 

Date as inoculum inoculated inoculated mosaic observed 
2/27/24 Sweet clover Garden pea 26 0 3/14/24 
7/ 3/24 do do 13 0 7/20/24 
7/16/24 do , Sweet pea 22 0 8/ 7/24 
8/12/24 do Garden pea 16 0 9/17/24 
8/2 1/24 do do 19 0 do 

do do Sweet pea 16 0 do 
8/14/24 Bean do 19 0 do 

do do Garden pea Al 0 do 
8 /20 /24 do do 17 0 do 


SUMMARY 
1. The mosaie of the garden pea is widely distributed in Wisconsin, 
but it appears to cause little injury except in late season varieties. Sweet 
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peas, however, are severely damaged by mosaic. The symptoms of the 
two diseases are similar, but there is a greater mottling, dwarfing, and dis- 
tortion of the leaves in the sweet pea. 

2. The mosaic diseases of both the garden pea and sweet pea are trans- 
missible by the pea aphis and by artificial inoculations. The mosaies oe- 
curring on these hosts are also intertransmissible by either method of inocu- 
lation. 

3. Red-clover mosaic has been transmitted to the garden pea and sweet 
pea by artificial inoculations and to the garden pea by means of aphids. 
Inceulations by means of aphids also have indicated that red clover is 
susceptible to the mosaie occurring on these two hosts. 

4. Since the red clover is a perennial on which the pea aphis is said to 
overwinter, it is probable that the aphids migrating from clover to peas in 
the spring act as carriers of the disease and thus introduce mosaic into the 
fields. 

5. Over nineteen hundred plants have been grown from seed of mosaic 
garden and field peas, but there has been no evidence of seed transmission 
of the disease. 

6. Cross-inoculations to garden peas and sweet peas from mosaie bean 
and sweet-clover plants have yielded only negative results. 

OFFICE OF Corron, TRUCK, AND ForaAGe Crop 

DISEASE INVESTIGATIONS, 
Bureau OF PLANT INDUSTRY, 
Unirep STATES DEPARTMENT OF AGRICULTURE. 
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EXPLANATION OF PLATE XL 
A. Mosaie pea leaf showing typical symptoms, 
B. Healthy pea leaf. 
C. Mosaic and healthy sweet pea leaflets showing various types of symptoms. 
Healthy leaflet in upper right corner. 
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ANTAGONISM OF THE WALNUTS (JUGLANS NIGRA L. AND 
J. CINEREA L.) IN CERTAIN PLANT ASSOCIATIONS 


A. B. MASSEY 


WiTH Five FIGURES IN THE TEXT 


The writer’s attention has frequently been directed to the poor develop- 
ment and dying of tomatoes and other plants in the immediate vicinity of 
walnut trees. This is especially true of the black walnut, Juglans nigra, 
which is found in more frequent associations with crop plants than the but- 
ternut, Juglans cinerea. Review of the literature on the subject has not 
revealed any report of a definite study, but there are several notes which 
bear directly on the matter. Jones an@® Morse (2), in a study of the 
shrubby cinquefoil, Potentilla fructicosa L., a pasture pest in Vermont, 
record observations made by A. H. Gilbert on the effect of butternut on 
the cinquefoil. It was observed that around butternut trees there was a 
circular area, greater than the spread of the limbs, in which the cinquefoil 
was dead. At the borders of the area, dying plants were found. The 
death of the cinquefoil always indicated that the trouble had its origin in 
the roots. Examination of the root systems of dead and dying plants 
revealed in every case a close association between the roots of the weed 
and those of the butternut. In situations where rock outcrop interfered 
with the spread of the butternut roots, the cinquefoil grew normally. 


‘*Moreover, with such butternuts, the ‘dead line’ for the weeds is pushed outward 
year by vear as the tree enlarges, so that the trees may be surrounded by a circle of 
dead and dying cinquefoil plants bordering the clean grassy plot under the tree. This 
antagonism is, we believe, attributable rather to the root relations of the two plants, 
than to those of shade. Thus young butternuts from 2 to 8 feet high were observed 
to be surrounded by a cirele which might be twice the diameter of the top of the tree, 
within which the weeds were dead, with dying plants bordering its margins. Such but- 
ternuts do not cause much shade. Moreover, young birch, beach, maple, cherry, apple 
and pine trees in the same field showed no such striking relation to the death of the 
cinquefoil, healthy plants of the weed frequently growing close under their branches.’’ 


(2, p. 189.) 


In a short note, Mel. T. Cook (1) mentions having observed several cases 
of injury to tomatoes and potatoes in the near vicinity of black walnut 
trees. He writes: 

‘« Attention has been called from time to time to a number of eases of wilting 


of potato and tomato plants which was undoubtedly due to walnut (Juglans nigra) 
trees growing in the immediate vicinity. The plants show a pronounced wilting but 
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do not lose their color or die, as in the ease of plants that have been attacked by wilt- 
producing fungi or bacteria, or struck by lightning. The range of the wilting coincides 
very closely with the spread of the root system. The plants may wilt uniformly within 
a large circle or there may be areas of wilted and areas of erect plants, which coincides 
with the distribution of the root system. In some cases the wilting was in a cireular 
area around the trees in the field, in other cases in a semi-circular area next to trees 
along the margins of the fields. In all cases observed, the plants beyond the spread 
of the roots of the trees were normal. A number of cases have been investigated by 
the writer and there is no doubt as to the cause of the wilting. So far as the writer 
has observed, other crops are not affected by the walnut trees and other trees do not 


cause a wilting of crops or wilt vegetation.’’ 


Dr. A. W. Drinkard, Jr., Director of the Virginia Agricultural Experi- 
ment Station, has described to the writer orally the severe injury to ex- 
perimental plats of tomatoes which, by chance, were planted near some 
black walnut trees on the edge of a field. When about half grown, the 
tomato plants wilted and died over a semi-circular area extending 30 to 40 
feet from each walnut tree as a center. On one side of the plats was a 
small stream which kept the soil not only well supplied with water but was 
inclined to keep it too wet. It is evident from this observation that the 
effect of the walnut is not a case of water relation as might be suggested. 

Fromme, in an unpublished note, describes disastrous results to tomatoes 
in Virginia: 


‘“On several occasions in Virginia a wilting of tomato plants growing in proximity 
to black walnut (Juglans nigra) has been noted. The first observations were made 
near Amsterdam in 1916. Areas of wilted plants were seen in two separate fields of 
tomatoes, and each area centered on a walnut tree growing in the fence row. The 
rapid wilting of the plants suggested bacterial wilt (B. solanacearum), but examination 
failed to reveal the presence of this organism. On inquiry it was learned that the 
occurrence of this type of wilt in proximity to walnut trees was a matter of common 
observation among farmers in the loeality. 

‘*An opportunity for additional observations came during the season of 1917 in 
connection with a spraying experiment at Blacksburg. A number of small plots were 
provided in this test, each consisting of 16 plants set in the form of a square. The 
spacing between plants was 5 feet, with 7 foot alleyways between plats. The arrange 
ment is shown in figure 1, together with the location of two black walnut trees, on the 
border of the field, which were overlooked at the beginning of the work. The varieties 
were Stone and Greater Baltimore. The date of transplanting was May 22; and the 
first wilting was noted approximately two months later, on July 26. The number of 
wilted plants inereased rapidly as the season advanced, and by harvest all plants within 
the zone of influence of the trees showed marked injury. The majority of the plants 
were dead at this time, and fruit production throughout the areas affected was prae- 
tically nil. The location of affected plants as determined at harvest time is shown 
in the diagram by means of the blackened squares. It will be noted that all plants 
within a radius of 50 feet of one tree and of 40 feet of the other were affected. There 


were 42 affected plants in the first area and 20 in the second. 
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Fic. 1. Map showing location of wilted tomato plants with reference to black walnut 
trees. Black squares show wilted plants, white squares healthy plants, 
shaded squares missing plants. (Fromme.) 
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“‘The writer has made no study of the cause of this wilting, but the evidence sug- 
gests the effect of a toxie excretion from the walnut roots rather than a depletion of 
soil moisture. As Cook has noted, plants other than tomato and potato are not affected, 
and trees other than walnut apparently do not cause a similar effect.’’ 


The majority of the observations the writer is able to find relate to the 
effect of the walnut on tomatoes and potatoes. These plants seem to be 
especially susceptible. In an unpublished report for 1922 of the field labo- 
ratory for fruit disease research, located at Winchester, Va., F. J. Schnei- 
derhan reports a case of injury to four apple trees equi-distant on as many 
sides of a black walnut tree. His note is as follows: 


‘A noteworthy case of incompatibility between trees of different species was ob- 
served in the experimental plats of the Stonewall Orchard. The first apple tree in Plat 
1 of our seab experimental work was found to have dead branches on its west side. 
No cankers or other causes were found on the tree itself. A large black walnut tree 
stands 50 feet west of this apple tree. It was thought possible that a toxic influence 
of the Juglans species might have some connection with the killing of the branches 
mentioned. Upon investigation, it was discovered that other apple trees planted north, 
east and south of this same walnut tree were affected to a greater extent than the 
tree in our experimental plat. The tree located south of the walnut tree was a dwarf, 
the one on the north had not only lost all of its branches on the side facing the walnut 
tree but was also severely dwarfed, while the apple tree on the east was completely 
killed. From this we concluded that black walnut trees planted within 50 feet of apple 
trees exert a toxic influence which results in severe dwarfing and ultimate death of 
the latter.’’ 


Unverified reports of similar cases of injury to apple trees in other 
orchards in Virginia have been brought to the writer’s attention. 

Schreiner and Reed (3) state, ‘‘It is known that certain crops do not 
thrive when planted on newly cleared land which was originally covered 
with walnut or butternut trees.’’ It is evident from these few authentic 
observations which the writer has been able to locate that there is a decided 
antagonism of species of Juglans to plants of different types. However, 
no one seems to have made a elese study of the matter to determine the 
cause. 

Antagonism in other plant associations has been noted by Schreiner 
and Reed (3), and by Sehreiner and Skinner (5). These investigations 
will not be discussed here. 

With the evidence in mind of an antagonism between the roots of 
J. cinerea, J. nigra, and certain weed and crop plants within their reach, 
the writer in 1923 decided to investigate the matter in the hope of obtain- 
ing some data as to the cause of the antagonism. Several possible explana- 
tions came to mind when planning the approach to the problem. 
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1. Is there an exhaustion of the soil water by the walnut trees, thereby 
causing wilting and death of the plants affected? | 

2. Is there a toxic substance developed in the soil from the decay of 
walnut leaves or nut shells around the tree? 

3. Do the roots secrete a toxic substance which is detrimental to some 
plants? 

The first and second questions were readily disposed of after careful 
consideration of the authentic cases described above. The condition of the 
soil in the tomato plats of Drinkard’s experiments shows that it is not a 


Fic. 2. Walnut trees in an alfalfa field, showing area in which alfalfa has been killed. 


question of soil water supply, as this soil had an abundance of water. The 
unfavorable action of planting tomatoes on new ground which has recently 
supported growth of butternuts or walnuts also disposes of the first ques- 
tion, as the action on the plants occurs although the trees have been removed 
and could cause no depletion of the soil water. The situations of several 
trees closely observed by the writer disproved the probability of there being 
injurious substances formed through the decay of leaves and nut shells. 
These trees were so situated that strong winds prevented the accumulation 
of leaves and the accumulation of nut shells was not sufficient to cause any 
trouble. Were the second question to be answered in the affirmative, one 
would expect a more general and even dying of the plants over the area, 
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which is not always the ease as will be shown later. The third explanation 
held the attention of the writer throughout the investigation. Do the roots 
of species of Juglans secrete a toxie substance which is injurious to some 
plants within their reach? To study this question, some walnut associa- 
tions were examined critically and several experiments carried out. 
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Fig. 3. Diagram of walnut trees shown in figure 2, indicating the position of the 
trees, limb expanse and area in which the alfalfa has been killed. Outside of area 
bound by the solid irregular line the alfalfa was green and healthy. Figures indicate 
distance from trunk of larger tree, given in feet. 
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WALNUT-ALFALFA ASSOCIATION 

In a large alfalfa field of the Virginia Polytechnic Institute farm, there 
are two black walnut trees. One of these trees is of considerable size; the 
second is half dead through the work of borers. Around these trees it was 
observed that the alfalfa had been completely replaced by grass, as indi- 
eated in figure 2. The light area is entirely free from alfalfa and consists 
largely of timothy. Figure 3 is a diagram of the healthy tree and the 
border of living alfalfa plants. The limit of the limb expanse is shown 
by the dotted line, and the limit of the alfalfa-free area is shown by the 
irregular solid line. The extent of this area at first seemed to be too great 
in some directions to be equal to the expanse of the roots under ground; 
however, upon close examination of the first foot of soil at various intervals, 
it was found that walnut roots in every ease reached to the extreme edge 
of the alfalfa-free area. At one edge of this area there was a marked ex- 
tension, the end of which was 64 feet from the base of the walnut tree and 
9 feet from the general border of the alfalfa-free area. This area was dug 
carefully to find whether walnut roots could be found within it. A trench 
was dug from point a to b, and a living walnut root three-fourths of an 
inch in diameter was found. The continuation of this root was such as to 
cause the irregular shape of this little area. The offshoot to the left was 
found to coincide with the development of a small end of the root under- 
ground. In other words, as the root came in contact with the alfalfa roots, 
the latter were killed. This case shows very strikingly that walnut trees 
are very injurious to alfalfa and that the dying of the plants is very closely 
associated with the development of the roots of the tree. There seems to 
be no general diffusion of any injurious substances through the soil; the 
action is always in the immediate vicinity of a walnut root. From this 
diagram one ean also see that the dying of alfalfa could not be caused by 
shade; neither could it be caused by the decay of leaves, since the area is 
too large for the leaves of the trees to cover sufficiently to cause injurious 
action. 


ASSOCIATION OF WALNUT WITH CERTAIN PLANTS IN HOME GARDENS 

Four rows of tomatoes were planted specifically to study the action of 
the walnut on tomato plants. In the center of a general garden, four rows 
of tomatoes were planted in the vicinity of a walnut tree, as shown in 
figure 4. The tomatoes were set out on May 20. In the latter part of 
June, plants began to wilt and die. The wilting of the tomato plants was 
uneven over the area, and often one or two branches on the side of a plant 
became permanently wilted while the rest of the plant was healthy. Upon 
carefully removing the soil to expose the situation of the roots, it was found 
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Fic. 4. Diagram showing condition of tomato plat eight weeks after setting plants 
in the immediate vicinity of a black walnut tree. Each circle indicates position in which 
a plant was set. White circles indicate plants which remained healthy. Circles with S 
in them represent plants that died soon after transplanting. Black circles indicate plants 
that wilted and died. 
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that in every case there was close contact between the tomato roots and 
those of the walnut. The plants wilted in a line sometimes diagonally 
across a patch, and sometimes parallel with the rows of tomatoes. This, 
it was found, was governed by the position of the walnut roots. In cases 
where one part of the plant wilted and the rest of the plant remained 
healthy, it was found that a walnut root ran between the rows or to one 
side of the plant and that one root came in close contact with those of the 
walnut, this one root always arising from the side of the plant on which the 
wilted branch was located. When the other portion of the plant began to 
wilt, it was found that roots from that side of the plant also had come in 
close touch with walnut roots. The direction of the roots underground 
could be traced without removing any dirt, by observing the development 
of wilt in the tomato plants. The probable distribution of the roots was 
predicted and later verified by removal of the soil. The presence of three 
unaffected plants within the affected area, marked by clear circles in figure 
4, was at first not understood. They were well within the affected area 
and showed no signs of wilting. However, after digging them it was found 
that the roots of these plants did not come in contact with the roots of the 
walnut. The old walnut roots seemed to have as much effect on wilting 
of the plants as the young, actively growing ones. There was no specific 
relationship between the region of the strongest activity of the walnut 
roots and the wilting of the tomatoes, as would be expected if the trouble 
was due to lowering of the soil moisture. 

On the right of the tomato patch, diagrammed in figure 4, irish potatoes 
were growing. There was a marked effect of the walnut on these potato 
plants, although it was not so distinet as on the tomatoes. Within the 
walnut-root invaded area of the garden there were also growing, in good 
condition, beets, snap beans, and corn, none of which showed any signs of 
wilting. 

To determine whether the action on the tomatoes was one of toxicity 
from the walnut root, several pieces of bark from walnut root were placed 
in a water culture of tomato plant (fig. 5). Within 48 hours, plants in the 
water culture containing pieces of the bark were wilted and their roots 
browned, while the check plants in a similar solution with no walnut bark 
were erect and in good condition, thus indicating that there is some sub- 
stanee in the bark which is detrimental to the development of the tomato. 
In another experiment, large tubs of more than a bushel capacity were 
partly filled with soil and several pieces of walnut bark placed on the soil. 
More soil was added and young tomatoes transplanted to the tub. In four 
such tubs the tomatoes grew poorly, though they did not die. In two other 
tubs containing the same type of soil but no walnut root bark, the tomatoes 
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grew normally. In a third experiment, soil was removed from the area in 
which the tomatoes shown in figure 4 were planted. This soil was taken 
at different intervals from the trunk of the tree and placed in separate 
large tubs. The intervals were 10, 12, 25, 50 and 80 feet from the trunk 
of the tree. None of the tomatoes planted in these tubs showed any evi- 
dence of toxicity from the soil, and one would conclude that there is no 
toxie substance generally distributed in the soil around walnut trees but 
that it is localized within the vicinity of the walnut roots. 


Fic. 5. Wilting of tomato plants in water culture. The two cultures to the left are 
checks in which no walnut bark was placed. The two jars showing wilting plants 


contained the same solution as-the checks but with walnut root bark added. 


Observations and experiments here reported indicate clearly that there 
is an antogonistic action of walnut roots which proves fatal to some plants. 
The action is evidently one of toxietiy. However, there is little or no 
poisoning of the soil as the roots of the affected plants must always be in 
close contact with those of the walnut. The toxicity is quickly apparent 
in water cultures of tomatoes containing walnut roct bark, and slower in 
development where walnut root bark is incorporated in soil. The roots 
of the affected plant become brown in color and die. The tops die, not 
through direct action but because the roots cease to funetion. 

The toxic principle, it would seem, is either insoluble in the soil water 
or it undergoes some chemical change shortly after leaving the walnut root, 
thereby losing its toxicity. Inasmuch as the roots of the affected plant are 
always in close contact with those of the walnut, there may be no secretion 
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of the toxie principle by the walnut but it may be taken from the walnut 
by the action of the other roots. 

Considering the constituents of the walnuts that may give rise to the 
toxic action, the substance juglone seems to be the most likely one, inasmuch 
as it is a naphthaquinone. 

The quinones are known to have marked physiological action. Benzo- 
quinone as a bacteriocide is 160 times more efficient than phenol in its 
action against Bacillus typhosus, (6). In a preliminary experiment con- 
taining two controls, the writer has found tomato cuttings in distilled 
water to be injured by benzoquinone in a concentration of 10 parts per 
million. Schreiner and Reed (4), in discussing the toxie action of several 
organic compounds upon wheat, state: 


‘*Chinone (Benzoquinone) is one of the most toxie compounds whose effect upon 
wheat seedlings was studied. A concentration of 100 ppm. was fatal in nine days and 
even 1 ppm. produced an injurious effect. In the intermediate concentrations the chi- 
none was correspondingly injurious. The plants scarcely survived in a concentration of 
50 and 25 ppm., and only in concentrations of 10 and 1 ppm. was there any growth com- 
parable to that of the controls in distilled water. 

‘*The great toxicity of chinone is probably due to two of its chemical properties. 
The first of these is its strong oxidizing power, by virtue of which it is probably able 
to oxidize labile compounds which exist in cells of the plants and render them unsuitable 
for use in metabolism. The second property which gives chinone a toxic action is its 
ketone nature. Chinone readily forms bromin addition products. It united with one 
molecule of hydroxylamin to form chinon-oxime; with two molecules of hydroxylamin to 
form chinondioxime. The ketones, as is well known, are distinctly toxie to plants, and 
taken together these two properties undoubtedly account for the action of chinone upon 
plants. ’’ 


The chemical properties of juglone are very similar; it forms mono- and 
dioxime and bromin addition products (7). It is an irritant causing vio- 
lent sneezing and has been found, in comparison with benzo-quinone, to be 
especially valuable as a medicant for skin diseases. It is very slightly 
soluble in water but more so in organie acids. In dilute alkalin solution 
it undergoes oxidation. 

On account of the difficulty of obtaining the pure substance, no experi- 
ments have been carried out to study the effect of this material on plants. 
It is hoped to do this in the near future. 


SUMMARY 


1. Walnut (Juglans nigra and Juglans cinerea) has an antagonistic 
action which eauses a wilting and dying of certain plants such as alfalfa, 


tomato, and potato. 
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2. Roots of the affected plants were always in close contact with walnut 
roots; the toxie substance is not generally distributed in the soil around 
walnut trees, but is localized in the vicinity of the walnut roots. 

3. Walnut root bark contains a substance which is toxic to the roots of 
tomato plants grown in water culture. 

4. It is likely that juglone, or some similar substance, is the toxie con- 
stituent of the walnut. 

VIRGINIA AGRICULTURAL EXPERIMENT STATION, 

BLACKSBURG, VIRGINIA 
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PHYSIOLOGIC SPECIALIZATION AND MUTATION IN 
HELMINTHOSPORIUM SATIVUM?! 


J. J. CHRISTENSEN? 


Four Fictrkes IN THE TEXT 


INTRODUCTION 

Helminthosporium sativum P. K. and B. has been studied extensively 
in recent years. It is an extremely interesting and important pathogene. 
It causes seedling blight, root rots, basal stem rot, spike and seed blight, 
leat spots, stem lesions, and premature death of wheat, barley, rye and 
many grasses. Although the pathogene has been investigated extensively, 
there have been many conflicting statements regarding its morphological 
and physiological characters and its pathogenicity. These conflicting re- 
sults can be explained very largely by the fact that H. sativum is a group 
species of many physiological forms which mutate readily. The writer has 
studied thirty-seven forms in detail. A knowledge of the number, cultural 
characteristics, parasitic capabilities, and genetie stability of these forms 
is prerequisite to a proper understanding of their pathogenicity and is essen- 
tial to the plant breeder in his endeavor to develop resistant varieties of 
erain. Just as important is it to know how frequently these forms mutate, 
the behavior of the mutants in culture, and their effeet on the host. 


OBJECTS OF THE INVESTIGATION 

The objects of the investigation were: (1) to ascertain the number of 

physiologic forms; (2) to ascertain the differences in virulence or patho- 

genicity of the different forms and their mutants; and (3) to determine 
the degree of stability of these forms. 


METHODS AND MATERIALS 
All physiologie forms used in the following studies were derived from 
single spore isolations. The method of procedure was as follows: A mass 
of spores was taken from the culture with a platinum wire and mixed with 
15-20 ee. of sterile water in a test tube. About 0.5 ce. of this spore sus- 
pension was poured into a tube of melted agar. Usually two more succes- 
sive cultures were made in a similar manner. The agar from each tube was 
1 Published with the approval of the Director as Paper No, 566 of the Journal 
Series of the Minnesota Agricultural Experiment Station. 


2 The writer gratefully acknowledges the helpful advice and criticism of Dr. E. C. 


Stakman, under whose direction the work was done. 
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poured into a sterile petri dish, 10 em. in diameter, and ineubated at room 
temperature. From 12 to 24 hours after the spores had germinated, the 
plates were examined. Germinating spores, sufficiently far apart, were 
marked by a eirele of India ink on the petri dish. The marked area was 
carefully examined as to purity from germinating bits of mycelium and 
germ tubes of other spores before they were cut out and put into separate 
tubes of agar. The piece of agar containing the germinating spore was 
first placed on the side of the tube and examined to ensure that only one 
spore was introduced into the new medium. 

The seeds of cereals were obtained from the United States Department 
of Agriculture and from the Agronomy Division, University of Minnesota. 
All seeds used in pathogenicity experiments were treated with Jensen’s 
modified hot water treatment or with Chlorophol, an organie mereury com- 
pound, in order to kill, in so far as possible, intraseminal mycelium. 

The soil used in the experiments was a mixture of three parts garden 
loam and two parts sand. All the soil for a given experiment was mixed 
in one lot and then steamed for three hours. The inoculum was grown in 
Erlenmeyer flasks on autoclaved seed of wheat and oats, in a proportion 
of three to one by volume. Even the forms that grew slowly on ordinary 
eulture media grew well on this medium. <An equal amount of inoculum 
was added to each pot of a series. The same quantity of uninoculated 
wheat and oats mixture was added to the controls. The pots were placed 
on a center bench in the greenhouse in order that all might receive the same 
amount of heat and light. 


EXPERIMENTAL RESULTS 

Cultural Characteristics. More than fifty forms were studied, thirty- 
seven of them in detail. In order to compare their cultural characters, the 
thirty-seven forms were grown on two different media: first, a one per cent 
potato dextrose agar; second, a mixture of oatmeal, rice, and cornmeal. 
Some forms were grown on other media also. Triplicate plates of each 
medium were inoculated with each form. Small, and as nearly as possible 
equal, portions of medium containing mycelium, and usually spores, were 
used as inoculum in each ease. The plates were of uniform size and econ- 
tained the same amount of medium, usually 18 eubie centimeters. The agar 
was made in one lot, tubed, sterilized, and poured at the same time. After 
inoculation the plates were placed on the same table in the laboratory and 
kept at room temperature. Thus all were subjected to the same general 
environmental conditions. The triplicate colonies of the same forms on the 
same medium were always alike, unless contaminated by other organisms. 
It was noticed that a small colony of bacteria sometimes profoundly affected 
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the growth of certain forms. In the immediate vicinity of colonies of a for- 
eign organism, sporulation was often stimulated, and the merphology of the 
mycelium was occasionally changed considerably. 

The thirty-seven forms studied ean be differentiated on culture media 
macroscopically by the following characters: rate of radial growth; relative 
amounts of submerged and aerial mycelium; nature of mycelial growth, 
whether woolly, or cottony, ete.; zonation, whether lacking, prominent, 
moderate, or faint, and frequence of zones and distance apart; conidial 
production, whether absent, scarce, moderate, or abundant; conidial elus- 
ters; and color of mycelium, white to black with intervening gradation and 
tints of other colors. The length, width, shape, and septation of the eonidia 
also are different in some of the forms. 

The cultural characters of many of the forms of //. sativum differ greatly 
from each other on the same medium. The cultural characters of the same 
forms are also different on different media. The colonies of many forms 
were so strikingly different in general appearance on a given medium that 
one was prone to separate them into different species. However, their sim- 
ilarity on other media forbade such a reclassification. 


+ 


Fic. 1. Seedlings of Marquis wheat grown in soil inoculated at time of planting with 


H. sativum, showing the comparative virulence of different forms of the pathogene. 


A Control E Form 19 
B Form 26 F Form 22 
C Form 21 G Form 8 
D Form 3 H Form 5 


Pathogenicity of Physiologic Forms. Christensen (5), in 1921, noted 
variations in the degree of pathogenicity of certain physiologic forms of 
H. sativum. WDosdall (6) found a difference in degree of severity with 
which two strains of H. sativum attacked Lion barley and Marquis wheat. 
Henry (8) observed variation in virulence of strains of //. sativum obtained 
from different sources and was able to distinguish four strains of ‘‘small- 
spored Helminthosporia’’ by their differences in pathogenicity on wheat. 
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The writer made tests of the comparative virulence of physiologic forms 
by inoculating soil in four 4-inch pots with pure cultures. Twenty-five 
seeds were planted in each pot, so that one hundred seeds of each cereal 
variety were used in each test. 

The comparative pathogenicity of twenty-six forms was determined on 
Marquis wheat (C. 1. 3641) and on Mindum (Minn. No. 470), a durum 
variety. Both varieties were more or less susceptible to all twenty-six forms 
of the pathogene, but there were distinct and consistent differences in the 
virulence of different forms on both varieties of wheat. Forms 3, 19, 21, 
and 26 were relatively weak (Fig. 1). There also were intermediates be- 
tween the two extremes. 

Differences also exist in the virulence of the different forms on varieties 
of barley. Trebi (C. I. 936) and Chevalier (C. I. 278) were inoculated 
with all the thirty-seven forms. Many of the physiologic forms differ in 
their reaction on two varieties of barley. Forms 5, 11, 34, and 37 were espe- 
cially virulent on both varieties. Two of these forms, 5 and 11, were virulent 
on wheat also. Although Forms 3, 4, 30 and others were weakly parasitie, 
they all attacked barley slightly. In general, the same forms were also weak 
pathogenes on wheat varieties. 

Stability of the Physiologic Forms. The range of variability of H. 
sativum is very wide. The character and rate of growth, the ability to 
reproduce, and the morphology of the organism are influenecd profoundly 
by the kind, proportion, and amount of foods available and by other envi- 
ronmental conditions. Dosdall and Christensen (7), Stevens (9), and 
others have demonstrated this conclusively. Besides, it has been shown that 
there are many forms of //. sativum which respond differently to various 
ecological conditions. 

Temporary phenotypes, er modifications, induced by differences in envi- 
ronmental conditions, occur frequently, although the genotype remains unal- 
tered. Such variants revert to the parental phenotype as soon as the causal 
stimulus is removed. Comparative cultural tests carried on for several 
years indicate that some forms of JZ. sativum remain constant and always 
appear the same under identical conditions. The question then arises, how 
did the forms originate and are they relatively stable? New forms of life 
are generally supposed to arise as a result of hybridization or mutation. 

Recent publications (1, 2, and 9) indieate that asexual mutations in 
fungi oecur frequently on culture media. In 1922, Stevens (9) presented 
evidence to show that mutations were common in Helminthosporium grow- 
ing in culture. In the present studies much of Stevens’ work was repeated 
and extended, and in general the results were corroborated. 

Numerous and widely different types of mutants, oceurring usually in 
sectors, have been observed repeatedly. These variations arose from parts 
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of mycelium and were generally wedge-shaped or fan-like in shape (Figs. 
2 and 3). Under certain conditions, mass-like mutation apparently oe- 
curred in some forms. This type of mutation recently has been described 
also in higher plants (3). 

In the present work, numerous transfers were made from sectors and 
normal parent material. When the original variant was chosen from a 
sharply defined sector of a relatively young culture, as illustrated in Fig. 
2, it always developed into a colony distinet from its parent. Furthermore, 


Fic. 2. HI. sativum, Form 1, on oatmeal-rice-cornmea! agar, showing mutants. 


a study of subsequent transfers from these sectors indicated that the changes 
were genotypic and not merely changes in phenotypes due to environmental 
conditions. Single-spore isolations, whether from the sector in which a 
variant originated, or from colonies developed from mass transfers, made 
similar growth on culture media. In either case the colonies were all alike. 
Mutants bred true when propagated from spores or mycelium. Stevens 
(9), Burger (4), and others also have demonstrated that spores from mu- 
tants again produced the mutant type. 


= 
= 
at. > ‘i 
4 
Pen: 
> 


790 PHYTOPATHOLOGY [Vou. 15 


In order to ascertain whether there were any differences in the tendeney 
for various forms to mutate, two kinds of media were inoculated. Each 
form was grown in triplicate plates of uniform size, containing 18 ee. of the 
medium. The plates for each series were inoculated on the same date and 
kept on the same table in the laboratory. 

Some forms mutate more often than others. A given form may mutate 
more frequently on one nutrient medium than on another. On potato dex- 
trose agar, eighteen out of thirty-seven forms developed sectors or apparent 
mutations, while sectors occurred in cultures of twenty-seven of the thirty- 
seven forms when grown on oatmeal-rice-cornmeal agar. Seven forms 
failed to develop sectors on either medium. Forms 26, 29, and 37 gave rise 
to apparent mutations on potato dextrose agar but none on the other me- 
dium. Twelve of the forms which did not mutate on potato dextrose agar 
did so on the oatmeal-rice-cornmeal agar. The differences in the number 
of sectors of certain forms on the two media were sometimes very marked. 
Thus, Form 33 developed thirty-six; Form 30, fifteen; Form 16, eight see- 
tors on oatmeal-rice-cornmeal agar but on potato dextrose agar none, five, 
and one, respectively. Mutations occurred in forms obtained from Eng- 
land, Australia, Afriea, Argentina, Serbia, and Canada, and from various 
localities in the United States. 

Some of these mutants have been grown on several different media for 
varying lengths of time, but they have remained permanent for the charae- 
ters under observation. Mutants appeared as stable as the various forms 
of IT. sativum which have been isolated from naturally infected plants. Al- 
though it is true that several mutants apparently reverted, these reversions 
were always in the form of a sector. This agrees with the observations of 
Stevens (9). Temporary modifications, such as sometimes appear—espe- 
cially in old ecultures—and which revert to the parental type on the first 
transfer, are not considered here. 

Some of the mutants which were cultured mutated still further. Col- 
onies of a mutant have been observed to produce distinet sectors which in 
turn mutated while still in the same plate. Two mutants gave rise con- 
stantly to new mutants, their action suggesting genetie contamination. 

In order to determine the effeet of the amount of medium on the expres- 
sion of variation, the following test was made. Newly poured agar plates 
were placed on a slight ineline so that the upper side was covered by a thin 
layer of the medium, the lower by a considerably thieker layer. These 
slants were inoculated with Form 1 in the center in the usual manner. 
Numerous sectors developed, but they developed only in the region of the 
thinner layer of agar (Fig. 3). That at least some of these sectors were 
pure mutants was proved by suecessive transfers. 
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The mutants studied varied from the parents in the following charae- 
ters: (1) rate of growth, (2) nature of growth, (3) conidial production, 
(4) conidial clusters, (5) mycelial characters, (6) color, and (7) zonation. 
Many of the gross characters in some forms were quite different from any 
of those observed in strains or forms isolated from host plants. These 
mutants differed from each other culturally quite as much as do certain 
species of Helminthosporium, such as H. teres Sace., H. pedicellatum Henry, 
and /7. gramineum ( Rab.) 


* 


Fic. 3. H. sativum, Form 1, on oatmeal-rice-cornmeal agar slant placed so that the 
depth of agar at the bottom was about three times that at the top. Mutants only on 


the shallow half of the medium. 


Apparently most mutations in fungi have their origin in the loss of a 
factor, or a group of faetors, for color, and in the loss of a faetor for high 
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fructification. Stevens (9) states that mutants with low conidial produe- 
tion, verging on sterility, coupled with paleness of colony, occurred with 
the greatest frequency. This is in accord with the writer’s findings. 

Just how these mutations arose is not known. They may have arisen 
through what one might term normal nuclear rearrangement, or through 
aberrant chromosomal distribution, or gene changes. It has been impos- 
sible to determine accurately the genetie constitution of the parents and 
their mutants, because the nuclei and chromosomes are very small and the 
plants are propagated asexually, thus rendering cross-breeding experiments 
futile. Even if a variant resulted from the fusion of two adjoining cells, 


Fig. 4. Seedlings of Marquis wheat grown in soil inoculated with H. sativum, Form 


22 (back row), and its mutant, No. 40 (front row), showing the difference in virulence 


of parent and mutant. 


it might not necessarily be considered a normal process of combination or 
segregation, as it has been shown that anastomosing of hyphae is an ex- 
tremely common phenomenon in JT. safivum. 

Pathogenicity of Mutants Compared with that of their Parents. In 
order to ascertain whether there are any differences in the degree of viru- 
lence of mutants and their parents, comparative tests were made on Trebi 
barley and Marquis wheat. The experiment was similar to that already 
described for testing the pathogenicity of the 37 forms of HT. sativum on 
barley, except that six pots of each cereal were used. The virulence of 
thirteen mutants was compared to that of their parents. 

All of the mutants did not possess the same degree of virulence. Most 
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of them were like the parent form, but two were decidedly more virulent 
than their respective parents. Mutant No. 40 was outstandingly more viru- 
lent than its parent, on both barley and wheat (Fig. 4). Three of the 
mutants were less virulent than their parents. 

Mutant No. 40 was derived from a single spore of a monosporous culture 
of Form 22. It arose as a distinct sector, similar to the one shown in fig. 
2, and had been transferred several times and grown on three different 
nutrient media. The cultural characteristics were not only different from 
those of its parent, but were unlike those of any of the forms under 
observation. 


DISCUSSION AND CONCLUSIONS 

H. sativum is a group species consisting of many physiologic forms. At 
least thirty-seven can be recognized readily on culture media. The writer 
observed at least fifty distinct forms, and there are indieations of the ex- 
istence of numerous others. Eleven distinet forms were isolated from 
material collected in the vicinity of St. Paul. Forms obtained from other 
workers, or isolated from material collected in different regions, as a rule 
were different. 

The thirty-seven forms studied by the writer differ from each other con- 
sistently under the same conditions, and each form is extremely variable 
under different conditions. For this reason, extreme caution is necessary 
in describing species such as /7. sativum and other fungi which may vary 
to a like degree. At best, a deseription of 7. sativum must be based on the 
characters of relatively few physiologie forms. Not only do the physiologie 
forms differ in general appearance on culture media, but they are strikingly 
different physiologically. What is most important, however, they differ 
pathogenieally. 

Many of the physiologie forms have quite different parasitie capabilities 
on wheat and barley. Some forms are extremely virulent, others are mod- 
erately virulent, and still others are but weak parasites. These differences 
in virulence of forms are of paramount importanee, as they complicate the 
study of genetic inheritance and the development of resistant varieties. 
Varieties which are resistant in one region may be very susceptible in an- 
other. Therefore a study of the number and the parasitie capabilities of 
physiologie forms is prerequisite to sound procedure in breeding work. The 
problem is essentially local, or, at best, regional. Results obtained in one 
locality may not be applicable in another. 

Mutations oeeur frequently on culture media. Some forms mutate much 
more often than others. The mutants observed differed from the parents 
in rate of growth, color, zonation, amount of aerial mycelium, and patho- 
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genicity. Relatively weak forms may produce very virulent mutants and 
vice versa. This change in parasitism is tremendously important. J/. 
sativum is dynamie, not static. It is continually changing, and consequently 
presents a continually changing problem. There is every reason to suppose 
that mutation occurs in nature as well as on artificial media. A final solu- 
tion of the problem is therefore extremely difficult. 

The nuclear phenomena involved in the mutation of //. sativum are not 
known. The possibility of segregation as a result of nuclear fusion is not 
excluded, although it does not seem to be very strong. Anastomosing 
hyphae have often been observed. It is barely possible that hybridization 
may occur quite frequently. The mutants, which arise as sectors, however, 
suggest that the mechanism is somewhat analogous to bud mutations in 
higher plants. 

SUMMARY 

1. There are numerous physiologic forms of 7/7. sativum. The writer 
studied thirty-seven in detail. 

2. The thirty-seven physiologic forms can be distinguished in eulture 
by the following characters: rate of growth, relative amounts of submerged 
and aerial mycelium, nature of mycelial growth, zonation, production of 
conidia, density of conidial clusters, the color of the mycelium, and the 
readiness with which the forms mutate. 

3. All forms ean attack the roots and basal stems of wheat and barley. 
Some forms are very virulent, while others are relatively non-virulent. In 
general, there is a correlation between the virulence on wheat and barley. 

4. The differences in the pathogenicity of different forms are so great 
that the conflicting results obtained by previous investigators easily ean be 
explained. 

5. Asexual mutation oceurs frequently in some forms of JZ. sativwm. 
Mutants arise abundantly from some forms in artificial culture as wedge- 
or fan-shaped sectors. These mutants bred true when propagated from 
either spores or mycelium. 

6. Some forms mutate readily, others do not. Mutation was observed in 
forms from England, Australia, Africa, Argentina, Serbia, Canada, and 
from many localities in the United States. 

7. Apparently reversions occur, but, when they de, they are always in 
the form of sectors. 

8. The mutants differ from their parents not only in morphological 
eharaeters but also in pathogenicity. Some are more virulent than the 
parents, others are less so. 

MINNESOTA AGRICULTURAL EXPERIMENT STATION, 

Sr. MINNESOTA 
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STUDIES ON THE PATHOGENICITY AND PHYSIOLOGY OF 
HELMINTHOSPORIUM GRAMINEUM RAB.? 


THORVALDUR JOHNSON 


The barley stripe disease caused by Helminthosporium gramineum Rab. 
has been known for a long time. The pathogene is almost an obligate para- 
site, and there are practically no authentic records that it has produced 
conidia on artificial media. Furthermore, the disease has been interesting 
because the pathogene was supposed to infect plants at flowering time and 
to cause a systemic infection like that caused by the loose smut fungi. Cer- 
tain doubts, however, have been raised regarding its exact life history. 
There seems to be some evidence that the seed or very young seedlings may 
be infected. There also has been a question as to why the disease should 
be distributed as it is. It occurs commonly in the more northern barley 
growing regions, but it is practically unknown in those farther south. The 
development of the disease differs also in different seasons. The explana- 
tion for this seasonal variation might be either differences in temperature 
or the existence of different physiclogie forms. As many of these essential 
facts regarding H. gramineum were obscure, the writer undertook an in- 
vestigation to elucidate some of the questions. 


OBJECTS OF THE INVESTIGATION 
The specific objects of the investigation were : 
To determine the effect of temperature on the severity of infection. 
2. To ascertain whether infection would result from inoculating seed or 
seedlings. 
3. To find out whether there are physiolegie forms. 
4. To determine the conditions most favorable for growth and fructifieation. 


THE RELATION OF TEMPERATURE TO INFECTION 

It is well known that early-sown barley usually develops more stripe 
than that sown at a later date. 

Ravn (6), in 1896, made field observations on barley grown from dis- 
eased seed planted on May 6 and May 19 respectively. That sown at the 
former date developed 37.7 per cent of diseased plants, while that sown 
later produced 21 per cent of infected plants. It therefore appeared likely 


1 Published with the approval of the Director, as Paper No. 560 of the Journal 
Series of the Minnesota Agricultural Experiment Station. 
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that a relationship existed between temperature during germination and 
early growth and infection, but Ravn made no controlled experiments to 
determine this. 

Therefore the writer conducted experiments to ascertain whether such 
a relationship existed. Seed of Minsturdi barley (Minn. 459), containing 
naturally infected kernels, was planted in six-inch flower pots (20 kernels 
per pot) which were placed in soil temperature tanks in the greenhouse at 
18—20° €., 23° €., 27° C. and 32° C., eight pots being kept at each tempera- 
ture. Four pots were kept at from 10-12° C. in a temperature tank regu- 
lated by running water. The soil in these pots was covered with a layer 
of ground cork which served as an insulator between the atmosphere and 
the soil. 

The seedlings were of approximately equal development when removed 
from the tanks, except in the case of those at 10-12° ©C., which were 
smaller when removed. After their removal from the tanks, all the pots 
were kept under similar conditions in a moderately cool place in the green- 
house. 

The first appearance of stripe was observed on January 31, exactly one 
month after planting, in plants kept at 10-12° CC. The average height of 
the plants in the pots kept at that temperature was then six inches, while 
those kept at other temperatures were almost ten inches in height. The 


results are presented in table 1. 


TABLE 1.—The effect of soil temperature on the infection of Minsturdi barley, Minn. 


439, by Helminthosporium gramineum 


Time required Plants infeeted 


Soil temp. in for emergence Time kept in Number of 
degrees C, of plants temp. tanks plants No. Per cent 
10-12 13 days 15D days 75 9 12. 
18-20 160 7 4.5 
23 160 0.6 
39 7 160 0.6 


The results show: (1) that low temperatures favor infection; (2) that 
the critical period for infection is during, and immediately after, seed 
germination. 

These results furnish evidence to explain the occurrence of the disease 
in certain seasons, and its distribution throughout the barley-growing 
regions of the world. Temperature undoubtedly explains the comparative 
immunity of barley in warm regions and the severity of the disease in the 
cooler climates. 
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SEEDLING INFECTION BY H. GRAMINEUM 

Various considerations have led the writer to think that H. gramineum 
might infect seedlings more frequently than is commonly supposed. 

Tisdale (8) has shown that Ustiago tritici and U. nuda may commonly 
infect seedlings of wheat and barley respectively. Some of the more re- 
cent work on H. gramineum also lends support to this view. Smith (7), in 
England, as a result of a re-investigation of the life history of H. gramin- 
eum, came to the conclusion that Ravn (6) was mistaken in believing that 
the fungus inhabited the growing point of the host. Smith believes that 
infection occurs while the shoot is still under the adherent glumes, or dur- 
ing its emergence. The inoculum comprises (a) conidia lodging at the awn 
end of the grain; (b) mycelium penetrating from the glumes; and (ce) 
perithecia formed inside or outside the glumes. He thinks that the coleop- 
tile, and not the embryo, becomes infected. 

Vogt (9) in Germany, in 1923, came to similar conclusions. Histo- 
logical studies led him to conclude that the mycelium inhabits the space 
between the glumes and the pericarp of the seed but is never found either 
in the embryo or the endosperm, and that infection takes place through 
the coleoptile rather than through the embryo. 

Since the time of Von Post. H. gramineum has generally been consid- 
ered to cause ‘‘floral infection.’’ While this term definitely limits the time 
of infection, it does not define the manner of infection nor the tissues of 
the kernel attacked. In fact, the only thing which the term signifies is 
that the pathogene is seed-borne. It has been commonly supposed that 
seedling infection either does not occur or plays only an insignificant part 
in the life histery of the pathogene. Ravn (6) attempted to determine 
the relative frequency with which the pathogene could attack germinating 
seedlings. Two hundred and fifty dehulled barley grains of susceptible 
varieties were germinated in contact with mycelium, with the result that 
ten plants (4 per cent) became infected. From this Ravn coneludes **that 
stripe disease may be produced by infecting the embryo.’’ He adds, how- 
ever, that the principal method of infection is by conidia which cause in- 
fection during flowering time, forming a mycelium within the seed where 
‘‘the fungus remains latent with the embryo so long as the grain is dry, 
and revives when germination commences. 

The writer conducted experiments to determine to what extent H. 
gramineum could infect germinating seed. Seed of the susceptible variety 
Minsturdi (Minn. 439) was used. Ordinary seed and dehulled seed were 
both inoculated during germination, in various ways, with spores and myce- 
lium of the pathogene. All seed was previously treated by Jensen’s hot 
water treatment, either at 52° C. for 15 minutes or at 46-48° C. for two 
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hours, in order to kill any mycelium in the seed. Seeds treated with myce- 
lium and spores were sown in six-inch pots kept in temperature tanks at 
from 18—20° C. The first indications of stripe disease were seen three wecks 


after planting. Table 2 summarizes the results of the first experiment. 


TABLE 2.—The results of inoculating normal and dehulled seed of Minsturdi barley, 


Minn. 439, with mycelium and spores of Helminthosporium gramineum 


Kind of Previous hot water Total number Plants infected 
Inoculum — 
seed treatment of plants Number Per cent 
Dehulled 52° C. for 15 min. Spores 44 5 11.3 
Mycelium 34 8 23.5 
Check 20 0 0 
Normal 52° ©, for 15 min. Spores 1) 0 0 
Mycelium 40 1 2.5 
Normal $6°-48° C. for 2 hours Spores 10) 0 0 
Mycelium 10 0 0 
Cheek PO 0 


It is evident from table 2: (a) that infection may oceur during germina- 
tion of the seed; and (b) that the period of greatest susceptibility is prior 
to the emergence of the coleoptile from the glumes. 

Variations in the amount of infection in different experiments may be 
ascribed to varying technique, as various methods of applying the inoculum 
were tried. 

In the next experiment all seeds were dehulled and soaked in hot water 
at 52° C. for 15 minutes. Those inoculated with spores were soaked in a 
spore suspension for a few minutes; others were mixed with mycelium on 
agar and the soil was also inoculated with mycelium at the time of planting. 
Table 3 sum- 


One-half of the pots were kept at 16° C., the others at 22° C. 
marizes the results of this experiment. 

The first infection was observed nine days after sowing, when the nor- 
mal seedlings were about four or five inches high. The affected seedlings 
varied in height from one-half inch to three inches. Most of these early 
infections resulted in the death of the plants. 

An attempt was made to determine the amount of artificial infection 
which could be induced by inoculating germinating seeds from which the 
hulls were not removed. Seed was treated in hot water as above at both 
46-48° C. and 52° C. Spores and mycelium were both used as inoculum. 
A spore suspension was poured into melted agar which had been cooled to 


below 50° C. The seeds were coated with this agar and germinated be- 
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tween moist blotting papers and finally planted in sterilized soil in six-inch 
pots. Other seeds were germinated in contact with mycelium on agar in 
petri dishes and were then planted as above and placed at greenhouse tem- 
peratures. The results are summarized in table 4. 


TABLE 3.— Results of inoculating de hulled seeds of Minsturdi barle yu, Minn. 439, with 


Helminthosporium gramineum 


No. of plants 


Temperature Inoculum No. of plants infected Per cent of plants infected 
16° C. Spores 45 10 22.2 
Mycelium 45 34 75.5 
Check 25 1 4.0 
22° C Spores 50 16 32.0 
Mycelium 39 23 58.9 
Check 25 0 0 


The results were not as conclusive as these figures indicate, because 
soaking in water at 46-48° C. did not kill all the hyphae in naturally in- 
fected seed. Further, the number of seedlings from seed treated with 
mycelium was reduced, either through the action of the mycelium or the 


severity of the hot water treatment at 52° C. 


TABLE 4.—Results of inoculating germinating normal seed of Minsturdi barley, Minn. 


£39, with Helminthosporium gramineum 


Previous hot water No. of plants Per cent of plants 
treatment Inoculum No. of plants infected infeeted 

46-48° C. for 2 hrs. Spores 35 3 8.5 
Mycelium 33 8 24.2 
Check 33 3 9.0 

52° C. for 15 mins. Spores 40 9 22.5 
Mycelium 9 4 44.4 
Check 20 0 0 


At any rate, the results indicate that infection of susceptible hulled 
varieties is possible by inoculating the seed, even though the hulls are not 
removed. lIlowever, it appears more difficult to obtain infection when the 
hulls are left on the seed than when they are removed. 

There has been some difference of opinion among investigators as to 
the manner in which infection takes place. Ravn (6) states that normally 
the embryo is infected, and he claims to have histological evidence for the 
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presence of hyphae in that organ. Vogt (9), as the result of histological 
studies, claims that neither embryo nor endosperm is infected but that the 
mycelium is located principally between the glumes and the pericarp of 
the seed. This view is supported by Smith (7) who is of the opinion that 
the disease is not truly systemic, as held by Ravn and others. 

The fact that it is possible to produce the disease by inoculating germi- 
nating seed from which the glumes have not been removed shows that in- 
fection may take place through the coleoptile, as the embryo is naturally 
protected in such seeds. Further work probably is needed to settle defi- 
nitely the question of the manner of normal infection. 

From the point of view of the investigator, the practical value of coleop- 
tile infection by H. gramineum is twofold: (1) it affords a means of study- 
ing varietal resistance of barley; and (2) it may be used for studying 
physiologic specialization of the pathogene. 


PHYSIOLOGIC SPECIALIZATION 

In the light of what Christensen (1) and others have found regarding 
H. sativum P. K. and B., it would not be surprising to find physiologic 
forms of H. gramineum. 

A considerable number of single spore isolations were made from ma- 
terial collected at various localities in Minnesota, Colorado, and in Sas- 
katchewan and Alberta, Canada. In investigating the effect of temperature 
on the growth of the cultures from these isolations, it was found that when 
they were kept at 32-33° C. for from ten to twelve days and then removed 
to room temperatures, all the cultures except one recovered and grew nor- 
mally. The culture in question was obtained from a single spore isolation 
from infected barley collected at Edmonton, Alberta, Canada. The experi- 
ment was repeated several times and similar results were obtained. Evi- 
dently this strain is less resistant to high temperatures than the others. 

To determine whether the culture was H. gramineum, dehulled barley 
seed was inoculated, and typical stripe disease lesions appeared on the 
plants. 

Morphologically, the mycelium of this strain is not distinguishable from 
that of the others, nor was any appreciable difference observed in the opti- 
mum temperatures of this and other strains. The minimum temperature 
permitting growth was not determined. The Edmonton strain, however, 
grew slightly better at from 5 to 6° C. than the others, and it seems clear 
that its temperature requirements are different from those of the other 
strains, indicating that it is a distinet physiologie form. 
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FACTORS INFLUENCING GROWTH AND REPRODUCTION 

Helminthosporium gramineum does not readily fructify on artificial 
media, in this respect differing from other species of Helminthosporium 
which cause cereal diseases. As far as the writer knows, Paxton (5) is the 
only worker who has reported the production of conidia of H. gramineum 
on artificial media. He obtained perithecia on barley straw and transferred 
the ascospores to cornmeal agar on which conidia were produced. 

The writer attempted to determine the factors influencing the sporula- 
tion of H. gramineum on artificial media. Several strains were tested, but 
most of the work was done with a single strain. Persistent attempts to find 
the right combination of factors for sporulation were made for about seven 
months, but they were unsuccessful. As the results were negative, it does 
not seem worth while to diseuss the experiment in detail. 

The effects of temperature, light, moisture, aeration, hydrogen-ion con- 
centration, various types of media, both selid and liquid, plant tissue ex- 
tracts, yeast extracts, and numerous variations of nutrients, were tried. 
The addition of a number of other fungi, and of bacteria, to the eulture 
was also tried with negative results. The addition of certain bacteria re- 
sulted in the production of spore-like bodies which, however, failed to germi- 
nate. Similarly, the sudden removal of the nutrient solution, coupled with 
constant light, induced the production of abnormal structures and spore- 
like bodies, but no normal conidia were formed. On the other hand, varia- 
tions in aeration, humidity, hydrogen-ion concentration and amount of 
nutrients resulted only in different degrees of quantitative growth. 

In carrying out these experiments, close attention was paid to previous 
work along similar lines by Klebs (3), Coons (2), Leonian (4) and others, 
but invariably the methods which they had used successfully with other 
fungi failed to produce similar results with I. gramineum. 

The maximum hydrogen-ion concentration which permitted growth was 
determined as pH 2.52. The limits of hydroxyl-ion concentration were not 
determined but lie beyond pH 9.25. 

The maximum and minimum nutrient concentrations for growth were 
determined with respect to a number of sugar solutions and found to be 


M M 
respectively and 1000” while optimum growth oceurred at from 10 
M . 
100 


SUMMARY 


Low soil temperatures were found to favor infection of barley by H. 


gramineum Rab. under controlled experimental conditions. The greatest 
infection occurred at from 10° C. to 12° C. Very little infeetion occurred 
at soil temperatures higher than 20° C. 
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It has been shown that artificial infection by HW. gramineum, through 
inoculations of germinating barley seed, is possible. By removing the hulls 
it is possible to obtain a high percentage of infection in susceptible varieties. 
A lower percentage of infection occurs when normal seed of the same varie- 
ties is inoculated. The period of greatest susceptibility in dehulled seed 
appears to be Just subsequent to the emergence of the coleoptile. 

Evidence has been obtained for physiologic specialization in H. gramin- 
eum. At least two physiologic forms appear to exist. 

Attempts to induce this organism to produce conidia on artificial media 
were unsuceessful. 

The writer wishes to express his appreciation of many helpful sugges- 
tions from Dr. E. C. Stakman and Dr. J. J. Christensen. He also wishes 
to express his gratitude to Dr. Margaret Newton and Prof. W. P. Fraser, 
of Saskatoon, Sask., Canada, for help in collecting material. 

MINNESOTA AGRICULTURAL EXPERIMENT STATION, 

Sr. Paci, MINNESOTA 
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SECOND REPORT OF PROGRESS ON STUDIES OF CROWNGALL 
IN RELATION TO NURSERY STOCK! 


A. J. RIKER AND G. W. KEITT?2 


The writers® recently reported that extensive isolation studies had failed 
to reveal the presence of Bacterium tumefaciens Smith and Town. in over- 
growths on certain apple trees which had been rejected at nurseries because 
of supposed crowngall infection. They suggested the working hypotheses: 
(a) that the malformations dealt with on these trees were not indueed by 
the crowngall organism; (b) that their development was merely incidental 
to the root-grafting method employed in the propagation of this stock. 
Further studies have vielded results which are in full conformity with these 
hypotheses. 

The isolation studies previously reported have been extended to 227 
apple trees which were representative of lots of stock sent in as crowngall 
rejects by twelve nurseries in six states. Less than two per cent of these 
trees yielded Bact. tumefaciens. The overgrowths which yielded the erown- 
gall organism were of the ‘‘soft gall’’ type. Tests of the isolation technique 
on known crowngall at frequent intervals throughout the period of experi- 
mentation gave positive results from 44 of 46 plants studied. 

A study of the trees which failed to yield Bact. tumefaciens showed that 
most of the malformations developed immediately above places where there 
was interference with the downward passage of elaborated food. The most 
common cause of this stoppage was the failure of some part of the cion to 
unite with the stock. The effeets produced appear to be closely comparable 
with those which follow girdling. Many of the trees, especially those one 
year old, showed clearly that the failures of union were the result of poor 
fits in grafting. An examination of representative freshly prepared grafts 
from seven of the nurseries from which stock had been secured for the 

1 Published with the approval of the Director of the Wisconsin Agricultural Experi- 
ment Station. 

2 This work, which is being administered by the Crop Protection Institute, is sup- 
ported cooperatively by the American Association of Nurserymen and individual nursery- 
men, the Iowa State College of Agriculture and Mechanic Arts, and the University of 
Wisconsin, in collaboration with the U. S. Department of Agriculture. Coordinated 
research programs are in progress at the Iowa State College of Agriculture and Mechanic 


Arts and at the University of Wisconsin. 
3 Riker, A. J., and G. W. Keitt. A report of progress on studies of crowngall in 
relation to nursery stock. Science, N. S., 62: 184-185. 1925. 
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isolation experiments showed ample numbers and types of misfits to ae- 
count for the abnormalities found. This situation is not surprising in view 
of the fact that in many nurseries individual workmen cut and fit as many 
as three thousand grafts a day, an average of one in about twelve seconds 
of working time. 

A study has been made of the types of misfit found in freshly prepared 
piece-root apple grafts selected at random at certain large nurseries, and 
plantings have been made for the purpose of following the development of 
malformations in relation to fit. 

Overgrowths similar to those found on the rejected nursery stock studied 
were produced at will on two-year-old apple trees by certain types of 
wounding. Likewise, in experiments in which precautions were taken to 
exclude Bact. tumefaciens, malformations about the unions of piece-root 
apple grafts have been induced or suppressed almost at will by variations 
in the technique of grafting. 

These and other results appear to justify the conclusions: (a) that the 
major portion of the overgrowths encountered on the piece-root apple grafts 
thus far studied by the writers, developed incidentally to the grafting proe- 
ess, Without the intervention of Bact. tumefaciens; and (b) that the oecur- 
rence and development of such malformations may be reduced by modifica- 
tions in grafting practice. It remains for further investigations to deter- 
mine the relative prevalence of true crowngall and of these non-parasitie 
overgrowths on apple root grafts under different regional and seasonal con- 
ditions, and to show to what extent the latter tvpes of malformation may be 
controlled in commercial propagation by modifications in grafting practice. 
Studies bearing on these and related questions are being continued. 

UNIVERSITY OF WISCONSIN, 

Mapison, WISCONSIN 
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Crown Wart of Alfalfa in Indiana. On June 12, 1925, while examining 
alfalfa fields near Madison, Indiana, the writer found a number of plants 
in two fields attacked by what appeared to be erown wart. Microscopical 
examination of galls from these fields showed that typical fruiting bodies of 
Urophlyctis alfalfae were present in abundance. The one field had been 
sown some twenty years ago and still had about a fourth of a stand of plants 
fairly uniformly distributed. No positive evidence was obtained that the 
disease Was causing any damage. However, the season had been very dry 
and the first cutting had just been made; hence this was not an opportune 
time for making observations. 

As far as the writer has knowledge, this is the first report of the oeeur- 
rence of this disease east of the Rocky Mountains.—J. L. Wermer, U. S. 
Dept. of Agriculture, Washington, D. C. 


The Avocado Scab Organism. It has been generally accepted that the 
fungus causing citrus scab also produces the disease of avocado commonly 
known as avocado seab. Repeated artificial field inoculations on avocado 
with the citrus scab organism, however, have failed to show infection; while 
similar inoculations on avocado with the fungus associated with avocado 
scab have reproduced the disease in all eases. A critical study of the 
fungus from avocado indicates that it is an undescribed species of the form- 
genus Sphaceloma. A technical description of the new species is being 
prepared in connection with an account of its pathology—-ANNaA A. 
JENKINS, Bureau of Plant Industry, U. S. Department of Agriculture. 


Browning Disease of Flax in North America. An important disease of 
flax, characterized by brown lesions on stems, leaves, and bolls, and a ten- 
deney of certain of the diseased stems to break over near the ground line, 
was deseribed by Lafferty in Ireland in 1921. The former symptoms were 
referred to as ‘‘browning’’ and the latter as ‘‘stem break,’’ and both were 
shown to be caused by the same organism. Affected stems are brittle, and 
break during scutching, resulting in shortened fibers; and the yield and 
quality of the seed also are reduced. The pathogene was described as 
Polyspora lini Lafferty, a new genus and species.’ 

This disease has been present in North America at least since 1920. In 
August of that year the writer noticed a peculiar spotting on several varie- 

1 Lafferty, H. A. The browning and stem break disease of cultivated flax (Linum 
usitatissimum), caused by Polyspora lini. Sci. Proe. Roy. Dub. Soe. n.s. 16: 248-274. 
1921. 
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ties of flax in the Field Husbandry experimental plots of the University 
of Saskatchewan, Saskatoon, Saskatchewan, Canada. Specimens were col- 
lected, but no attempt was made at that time to isolate the causal organism. 
In 1923, ‘‘stem break’’ caused by Polyspora lini was reported by Fraser? as 
severe in two one-fortieth acre plots at Saskatoon. The writer again col- 
lected the disease from varietal plots at Saskatoon in August of the same 
year, and isolated the causal organism several weeks later. The following 
fall, Polyspora lini was isolated from some of the diseased leaves collected 
in 1920. These had been kept dry in the laboratory. The fungus had 
therefore remained alive in this condition for more than four years. Pethy- 
bridge ef al® found spores of the fungus to survive on dry flax seed for two 
and one-half years, but not three vears. He points out that infected seed 
readily transmit the disease to the following crop. The pathogene may 
therefore be readily introduced into new localities by infected seed. 

In August, 1925, specimens of diseased flax were received from Mr. 
B. b. Robinson, of East Lansing, Michigan. These specimens were col- 
lected from a field about 100 miles north of East Lansing, in which about 
one per cent of the plants were affected. Part of the seed from which this 
crop Was grown was obtained from Ontario, Canada. Two diseases were 
found on these plants, namely, rust (Welamspora lint) and ‘‘browning’’ 
(Polyspora lint). The latter fungus was isolated, and cultures and lesions 
on the stems compared with authentie material received from Ireland and 
with that from Saskatoon and found to agree. No previous record of the 
occurrence of ‘‘browning’’ in the United States has come to the writer’s 
attention. 

The symptoms thus far observed have been typical of the ‘‘browning’’ 
stage of the disease, rather than the breaking over of the plants character- 
istie of ‘‘stem break.’’ 

An organism isolated from diseased flax collected at Crookston, Min- 
nesota, and St. Paul, Minnesota, in 1924, resembles Polyspora lini, but is 
not identical with it. It was reisolated from flax which had been artificially 
inoculated in the field in 1925.—A. W. Henry, University of Minnesota. 


Personals —Dr. Perley Spaulding, Pathologist of the Office of Investiga- 
tions in Forest Pathology, Bureau of Plant Industry, Washington, D. C., 
has been assigned to duty as Pathologist with the Northeastern Forest Ex- 
periment Station, at Amherst, Mass. Correspondence and exchanges 
should be thus addressed. 

2Survey of the Prevalence of Plant Diseases in the Dominion of Canada. Fourth 
Annual Report. p. 35. 1923. 

3 Pethybridge, G. H., H. A. Lafferty, and J. G. Rhynehart. Investigations pn flax 
diseases. Jour. Dept. Agr. and Tech. Instruction for Ireland 21: 9. 1921, 
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Dr. W. D. Moore, Assistant Pathologist in Extension Work, Clemson 
Agricultural College, South Carolina, has been granted a year’s leave of 
absence and will spend the time as Pathologist for the Truckers Supply 
Co., Beaufort, South Carolina. He expects to do research work on some of 
the diseases of truck crops. 


Ellsworth Bethel, the well known uredinologist, died at Denver, Colo- 
rado, September 8, 1925, aged 62 years. 


The Department of Plant Pathology of the Virginia Polytechnic Institute 
has been expanded to include botany and is now designated as the Depart- 
ment of Botany and Plant Pathology. The Department of Biology, which 
formerly included botany, has been discontinued, following the resignation 
and retirement of Dr. E. A. Smyth, Jr., professor of biology. The organi- 
zation of the enlarged Department is as follows: professor, F. D. Fromme ; 
associate professors, H. S. Stahl (instruction), A. B. Massey (instruction), 
S. A. Wingard (research); assistant professors, F. J. Schneiderhan (re- 
search), James Godkin (extension); instructor, R. H. Hunt (research) ; 
assistant, C. N. Priode (research). 
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tobacco wildfire, 77—S4 

Antagonism of the walnuts (Juglans nigra 
L. and J. cinerea L.) in certain plant 
associations, 773 

Anthracnose, of apple trees, 728; of Euro 
pean privet, 261 

Aphanomyces euteiches on peas, 111-114 

Aphis gossypii, used in cross inoculations 
of eucumber mosaic, 734 

Aplanobacter insidiosum n. sp., 496-497 

Apple, bitter-rot, control of, 56; bloteh, 
246-247; Pythiaceous infection of, 392; 
scab, relation of rainfall to ascospore 
discharge and infection, 56; scab, sea- 
sonal development, 57; seab, seasonal 
development and control of, 57; spray 
injury to, 405-415; trees, effect of sul- 
fur in treating crown gal] of, 105 

Apple-tree, anthracnose of, 728 

Apricot, Pythiaceous infection of, 592-596 

Armillaria mellea, 550; observations on in 
culture, 729 

Arsenical, injury of the peach, 321-331 

ARTSCHWAGER, ERNST, see GILBERT, W. W. 

Asclepias syriaca, source of primary in- 
fection for cucumber mosaic, 733 

Aspergillus, niger, used in testing effi- 
cieney of fungicides, 206 
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ATANASOFF, D., The Dilophospora disease 
of cereals, 11-40; new studies on stipple- 
streak disease of potato, 170 

Attenuation of the virus of sugar beet 
eurly-top, 745 


Avoeado seab organism, 806 


Bacillus, amylovorus, and bacteriophage, 
365; atrosepticus, and bacteriophage, 
357-370; earotovorus, and bacterio- 
phage, 357-370; coli, and bacteriophage, 
365; dysenteriae (Shiga), and bacterio- 
phage, 365; melonis, and bacteriophage, 
365; typhosus, and bacteriophage, 365; 
typhosus, effect of benzoquinone on, 
783 

Bacterial, disease, of alfalfa (mew), 243- 
244; disease of tomatoes new to British 
Columbia, 302 

Bacteriophage, in relation to plant patho- 
genes, 357-370 

Bacterium, pruni, and bacteriophage, 365; 
solanacearum, 55; tumefaciens, and bae- 
teriophage, 3857-370; isolation of from 
nursery stock, 804-805; tumefaciens, 
strands and secondary tumors, 485-449 

Balsam fir, decay of, 302 

Bark diseases of citrus trees in Sicily, 
41-42 
sarley, control of loose smut, 51; control 
of stripe, O1; infection by loose smut 
through seed inoculation, 59; Maras 
mius on, 115; new seed disinfectants 
for the control of the smuts of, 651-675 

Barsk, H. P., Results of experiments in 
1924 with various chemical dusts for 
smut control in wheat (abst.) 1927; 
serious blossom blight in Pacifie North- 
west due to a species of Monilia, 126; 
some problems connected with seed 
treatment of cereals, 727 

and H. C. STEARNS, The green 
museadine fungus (Oospora destructor 
(Metchu) Delacroix on European ear- 
wig and other insects in Oregon, 729 

Basisporium gallarum, 147 

Bean, a disease of, caused by the virus of 
sugar beet curly-top, 731 


Beets, a Myxomycete in roots of, 727 


BENSAUDE, MATHILDE, Flagellates in 
plants: a review of foreign literature, 


ore 
wie 


Biological and cultural studies of Exoas 
cus mirabilis, 214 

Biological races, of nemas, 511 

Bibliography, of American Natural His- 
tory, A, 65; der Pflanzenschutzlitera- 
ture, 43 

Bitter-rot of apples, control of, 56 

Black-dot disease, of potato, taxonomie 
studies, 300 

‘*Black leaf 40,’’ 237 

Black rot investigations on Long Island, 
second progress report, 48; and Myxo 
sporium eanker of apple and pear in the 
Pacific Northwest (title only), 125 

Black stem rust, Webster, a common 
wheat resistant to, 691-698 

Blast, of oats, 564-567 

Blight, root rot, or, of canning peas, 300; 
western yellow tomato, 470-478; west 
ern yellow tomato, as affected by high 
evaporation, 470-478; western yellow 
tomato, as related to humidity and wind 
movement, 473-477; western yellow to- 
mato as related to monthly evaporation, 
475-477; western yellow tomato as re 
lated to precipitation and temperature, 
474 

Blossom blight of fruit due to Monilia, 
126 

Blossom-end rot of pepper (Capsicum an- 
nuum L.), B. B. Higains, 50, 223 

Blotch, of apple, 246-247 

Blue stem (Verticillium wilt) of raspber- 
ries, 125 

Board of Agriculture for Scotland, 43 

Bonbr, REINER, see Fousom, DoNALp 

Book review, Manual of vegetable garden 
diseases by C. C. Coupe, 570-572 

Bordeaux, mixture, effect of caleium ear- 
bonate, 183; spray injury to apples 
from, 405-415; powder, 235 

Botryosphaeria, ribis, a rot of apples 
caused by, 230; ribis chromogena, on 
citrus fruits, 333 


Botrytis allii, growth characteristies of, 
712; byssoidea, description of, 709; 
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squamosa, description of, 710-711; two 
undescribed species of, associated with 
the neck rot disease of onion bulbs, 708— 
713 
Boyce, J. 8. 
pine blister rust in the Pacifie North- 


Investigative work on white 


west, 125 

Brassica campestris var. annua, Catch 
plant for beet nemas, 503 

British Columbia, a bacterial disease of 
tomato new to, 302 

Browning disease of flax in North Amer- 
ica, S06—S807 

Brown-rot, 55; fungus, European, pres- 
ence of, in America, 535-542; of 
peaches compared with Rhizopus rot, 
122 

Browning, internal of watermelon, 119 

Bryan, Mary K., Verticillium wilt of to- 
mato, 187 

Buuuer, A. H. R., Experiments on sex in 
mushrooms and toadstools; report of the 
work of IRENE Mounce, W. F. HANNA 
and DorotHy E, NEwToN, 302 

Bunt, control, seed treatment for, 127; of 
wheat, new seed disinfectants for the 


eontrol of, 651-675 


Cabbage, drop of caused by Sclerotinia 
sclerotiorum, 349; drop of Chinese and 
common, 50; Pythium infection of 
heads, 482-485 

Cacao canker in Java, 44 

Caleium carbonate, effect of on Bordeaux 
mixture, 183 

Caupis, P. D., A rot of Calimyrna fig in 
California, 728 Calimyrna fig, a rot of, 
728 

CAMPBELL, ELMER GRANT, Potato leaf roll 
as affecting the carbohydrate, water, 
and nitrogen content of the host, 427— 
430 

Canada, plant pathology in, 300 

Canadian Division, American Phytopatho- 
logical Society, papers presented at the 
sixth annual meeting of, Ottawa, On- 
tario, Dec. 22 to 23, 1924, 300 

Canker, cacao in Java, 44 

Canning peas, root rot of, blight of, 500 


Capsicum, annuum L., 223; host of eu- 
cumber mosaic, 737 

Carbohydrate, content of potato plants as 
affected by leaf roll, 427-430 

Carbohydrate-nitrogen ratio, of potato 
plants as affected by leaf roll, 427-430 

CARSNER, EUBANKS, A bean disease caused 
by the virus of sugar beet curly-top, 
731; attenuation of the virus of sugar 
beet curly-top, 745 

Celery blights, 50; a mycorrhiza] fungus 
in the roots of, 727 

Cell inelusions, 195-200 

Ceratostomella, fimbriata, cytological study 
of, 417-422 

Cercospora, lactucae, 247; leaf spot of let- 
tuce, 247 

Cereal rusts, controlled by dusting, 611- 
613 

Cereals, Marasmius on, 115 

Certain aspects of the virus diseases, H. 
H. McKInnNey, 189 

Chemical dusts for smut control in wheat, 
127 

Chemotaxism, in nemas, 515 

Chenopodium, album, injury by nemas, 
503; murale, importance in the attenua- 
tion of sugar beet curly-top, 745 

Cherry, Pythiaceous infection of, 395-395 

Chicory, wilt of, 730 

CuiLps, Leroy, see ZELLER, S. M. 

Chinese cabbage, and common cabbage, 
drop of, caused by Sclerotinia selero- 
tiorum, 249 

Chinese elm, Tubercularia canker of, 729 

Chlorophol, for the control of cereal smuts, 
651-676 

Choanephora persicaria, causing a storage 
rot of peaches, 607-610; description of, 
610 

CHRISTENSEN, J. J., and E. C. STAKMAN, 
Foot and root rots of wheat in Minne 
sota in 1924, 53 


—, Physiologie specialization and 


mutation in Helminthosporium sativum, 
785 


———, see IMMER, F. R., 699-707 
Christmas berry, seab, 178 
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Cuupp, C. C., Manual of vegetable garden 
diseases, book review of, 570-572 
Circaea intermedia, freedom from H. ra 
dicicola, 505; lutetiana, infested by H. 
radicicola, 505 
Citrus aurantium Linn, host of Sphaceloma 
faweettii, 103; grandis, host of Sphace- 
loma faucettil, 103; limonia, host of 
Sphaceloma faucettil, 103; scab fungus, 
99-104; trees, bark diseases in Sicily, 
41-42 
Cladosporium, album, 457; citri on eitrus, 
99; citri, Faweett, synonym of Sphace 
loma faweettii, 101; citri Massee, on 
citrus, 99; herbarum Massee, on eitrus, 
99; pisi, 457; spot of Cow pea, 453-463 ; 
vignae n. sp., 453-463 
CLAYTON, E. E., Second progress report of 
black rot (Pseudomonas campestris) in- 
vestigations on Long Island: seed infee 
tion and seasonal development, 48; sec 
ond progress report on seed treatment 
for black leg (Phoma lingam) and black 
rot (Pseudomonas campestris) of cru 
ciferous erops, 49 
Clemson College, fire at, 569 
Clover, bur, a Pyrenomycetous leaf spot 
of, 677—689 
Colletotrichum atramentarium, cause of 
black-dot disease of potato, 300 
Conclusions from four years’ tests of var- 
ious methods of seed treatment for bunt 
control in Idaho (abst.), 127 
Conference for the study of potato virus 
diseases, Lineoln, Nebr., Dee. 28, 1925, 
725 
Coniothyrium, pirinum, 246 
Constitution, of American Phytopathologi 
eal Society, 
Control, of apple bitter-rot, 56; of barley 
stripe, 51; of flax rust, 53; of loose 
smuts of wheat and barley, 51; of 
white pine blister rust in the North- 
eastern states, 55 
Cook, MEL T., Studies on the eytology of 
sugar cane mosaic, 45; two new bae- 


terial diseases, 55 


Coons, G. H. and J. E. Korma, The trans- 
missible lytic principle (bacteriophage) 
in relation to plant pathogenes, 357-370 

Copper carbonate dust in smut control, 127 

Corn, action of fungus as cause of down 
corn, 146; breaking strength of stalks, 
147; relation of internal cob-discolora- 
tion to yield, 52; relation of susceptibil- 
itv to Gibberella suabinetii and balanced 
nutrient supply, 59-60; Sclerospora on, 
in America, 720-721 

Corona No, 620, for the control of cereal 
smuts, 651-676 

Corticium vagum, on peas, 112; parasitie 
on pea, 93 

Cosmos, bacterial wilt of, 55 

CoTNek, F. B., Physiology of zoospore for- 
mation among certain species of Phy- 
tophthora (title only), 125 

Cotton seedlings, damping off caused by 
Fusarium vasinfectum, 486-488 

CouLsoNn, J. G., and E. A. Lops, oat smut 
infection in relation to size of grain, 302 

Cow pea, Cladosporium spot of, 453-463 

Cowpeas, susceptibility to Tylenchus dip 
saci, 510 

Cranberry, false blossom of, 85 

Cronartium asclepiadeum, germination of 
teliospores of, 574; ribicola, 55;  ribi- 
cola, conditions antecedent to the infee 
tion of white pines by, 573-583; inoeu 
lution of Pinus strobus with sporidia of, 
OS4—590; ribicola, longevity of uredo 
spores, teliospores and sporidia, 58 

Cross, L. F., A field test of mereurie ehlo 
ride solutions in potato seed treatment, 
241-242 

Crowngall, cytological studies, 48; influ- 
ence of temperature and of previous in- 
fection on, 45; effect of sulfur on, 105; 

in relation to nursery stock, 804; so 

called strands and secondary tumors of 


135-455 


Crown wart, of alfalfa in Indiana, 807 
Cucumber mosaic, overwintering of, 733 
Cultural and morphological studies of 


some species of Taphrina, 67-76 
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Curly-top, of sugar beet, attenuation of 
the virus of, 745; virus of, causing a 
bean disease, 731 

Cytological study of Ceratostomella fim- 
briata (E. and H.) Elliott, 417-422 

Cytological studies of crowngall tissue, 48 


Cytology of sugar cane mosaie, 45 


Damping off, of cotton seedlings by Fu- 
sarium vusinfectum, 486-488 

Dana, B. F. and C. W. 
Witches broom of potatoes (title only), 
125 


DANIELS, Eve, see TEHON, L. 


HUNGERFORD, 


R., 714-719 

Datura stramonium, faintness of mosaic 
symptoms on, 740 

Davis, J. J., see MCKINNEY, 494-495 

Davis, W. H., 


and common cabbage, 50; drop of Chi- 


Drop of Chinese cabbage 


nese and common eabbage caused by 
Sclerotinia selerotiorum (Lib.) Massee 
(Selerotinia libertiana Fekl.), 249 

DEARNESS, JOHN, a mycologist at large, 
301 

Deeay, in balsam fir, 302 

DEONG, E. R. and W. C. Roor, The effect 
of calcium carbonate on Bordeaux mix- 
ture, 183 

Detection of spoilage in berry products 
(title only), 125 

Dickson, B. T., Oat smut control tests at 
MacDonald College during 1924, 301; 
plant pathology in Canada, 300;  tax- 
onomie studies of the organism causing 
black-dot disease of potato, 300 

Dierz, S. M., Alternate hosts of Pueccinia 
coronata Corda, 54; The inheritance of 
resistance to Puccinia graminis avenae, 
54 

Dilophospora alopecuri, 11-40; disease of 
cereals, 11-40 

Dioscorea illustrata, reaction to Hetero 
dera radicicola, 528 

Diplodia, the citrus stem end rot; its life 
history and relation to Sphaeropsis ma- 
lorum, 332-340; natalensis, the citrus 
end-rot organism, 332; zeae, 147 

Diseases, of crop-plants in the Lesser An- 

tilles, by WILLIAM NOWELL, review of, 


433; new, to Ontario, some notes on, 
300 

Disease resistance, inheritanee of in wheat 
and oats, 51; in wheat and oats, 341 

Disinfectants, new seed, for the control of 
bunt of wheat and the smuts of oats and 
barley, 651-675 

Distribution, geographie, of milkweed 
flagellate, Herpetomonas elmassiani (Mi- 
gone), 297 

Doo.irTLe, S. P. and F. R. Jones, The 
mosaic disease of the garden pea and 
other legumes, 763 

Douglas fir, Polyporus sechweinitzii . on, 
56S—560 

DRECHSLER, CHARLES, Leaf-spot of maize, 

disease distinet from leaf-blight, 47; 

a leaf-spot of red-top caused by an ap- 
parently undescribed species of Hel- 
minthosporium, 51; Pythium infection 
of cabbage heads (title), 482-485; root 
rot of peas in the middle Atlantie 
States in 1924, 110-114 

Drop of Chinese and common cabbage, 50; 
of Chinese cabbage and eommon cab- 
bage caused by Selerotinia sclerotiorum, 
249 

Drought, effects of in Sierra Nevada for 
ests, 549-553 

‘*Dry mix’’ sulphur, spray injury to ap 
ples from, 405-415 

DvurRRELL, L. W., 
fungous action as cause of down corn, 
146 

Duster, efficiency of a self-mixing, 235 


a preliminary study of 


Dusting, celery seedbeds to control blights, 
50; control of cereal rusts by, 611-613 
Dusts, chemical for smut control, 127 


‘*Dwarf’’ loganberry, 125 


EASTHAM, J. W., An unusual vascular 
browning of potato tubers as a result 
of frost, 731 

Eppy, E. D., 
caused by a new species of Choanephora, 


A storage rot of peaches 


607-610 
Epcerton, C. W., Selecting for resistance 
to the sugar cane mosaic, 45 
Effect, of intermittent temperatures on 
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potato mosaic, 46; of soil treatment 
with sulfur upon crown gall in nursery 
apple trees, 105 

Efficiency of a self-mixing duster, RaLpu 
E. SmiruH, 235 

Egg-plant, bacterial wilt, 55 

Einkorn, 556 

Evurort, C., Oat blast, 564-567 

ELuioTT, JOHN A., A eytological study of 
Ceratostomella fimbriata (E. and H.) 
Elliott, 417-422 

Elm, Chinese, Tuberecularia eanker of, 729 

Emmer, natural and synthetie strains, 
physiological evidence on identity of, 
554—558 

Endothia gyrosa, notes on the parasitism 
of, 489 

Erysiphe, graminis seealis, rve resistant to, 
58; graminis tritiei, 555-557 

European privet, anthracnose of, 261 

Exoaseus communis, 67; deformans, 244 
245; mirabilis, 67; mirabilis, biological 
and cultural studies of, 214-222 

Experiments, on sex with mushrooms and 
toadstools; a report of the work of 
IRENE Mouncr, W. F. HANNA and Dor- 
oTHY E. NEwTon, 302 

EZEKIFL, WALTER N., 


European brown-rot fungus in Ameriea, 


Presence of the 


55, 535-542 


Factors influencing the development of 
Melampsora lini (Pers.) Desm., 53 

Fagus americana, Endothia on roots, 489 

False blossom of cranberry, field observa- 
tions on, 

Fawcetr, Howarp Observations on 
bark diseases of citrus trees in Sicily, 

FeLLERS, R., Detection of spoilage in 
berry products (title only), 125 

FENNER, RE. ALINE, A rot of apples caused 
by Botryosphaeria ribis, 230-23 

Festuea elatior, 555; pratensis, 555 

Field, observations on the false blossom of 

: test of 


mercuric chloride solutions in potato 


the cultivated eranberry, 85-91 


seed treatment, 241 


FILLER, E. C., The control of white pine 
blister rust in the Northeastern states, 

65 

Fir, balsam, decay of, 302 

FIisHer, D. F., Water core in apple (title 
only), 125 

Fircu, H. W., Quantitative determination 
of sulphur fungicides on foliage, 351 

Flagellate, milkweed, non-pathogenicity of 
in Maryland, 294; geographie distribu- 
tion of milkweed, Herpetomonas elmas 
siani (Migone), 297; in plants: a re 
view of foreign literature, 273 

Flax, browning disease of in North Amer- 
ica, 806-807; rust, control of, 53 

Flea beetles, on Physalis as agents of 
transmission of mosaic, 743 

FoLSOM, DONALD and REINER BONDE, AI- 
ternaria solani as a enuse of tuber rot 
in potatoes, 49, 282 

Fomes annosus, 550 

Foot and root rots of wheat in Minnesota 
in 1924, 53 

Foot rot, of the sweet potato, 238-240 

Foreign literature, review, on flagellates in 
plants, 273 

Forests, effeet of drought on, 549-553 

Formaldehyde, injury to watermelon, 479- 
481 

French endive, center rot of, 730 

Frequencies of ascospores of Venturia inae 
qualis in orchard air, 57 

Frost, cause of vascular browning of po 
tato tubers, 731 

Fruit trees, deciduous, further studies on 
Pythiaceous infection of, in California, 
389-404 

Fuuron, H. R., Review of: Diseases of 
crop- plants in the Lesser Antilles, by 
WILLIAM NOWELL, 433 

Fungous action of as cause of down eorn, 
146 

Furfural in smut control, 127 

Fusarium, alluviale n. sp., 167; antho- 
philum (A. Br.) Wr., 160; aseclerotium 
on peach, 95; bostrycoides n. sp., 166; 
bullatum Sherb., 159; bullatum Sherb. 
var. Minus n. v., 159; camptoceras n. 
sp., 158; chlamydosporum n. sp., 156; 
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conference, the, 47; cromyophthoron, 
129; ensiforme n. sp., 169; fruetigenum 
Fr. var. maius Wr. forma 1 n. f., 165; 
longipes n. sp., 160; macroceras n. sp., 
166; martii var. pisi, on peas, 111; 
moniliforme Sheld., 162; moniliforme 
Sheld. var. erumpens n. var., 163; moni- 
liforme Sheld. var. mMaius n. var., 163; 
moniliforme Sheld. var. subflutinans n. 
var., 163; neoceras n. sp., 164; pirinum 
on peach, 95; rot of peach, 92-98; sau- 
binetii, 165; section Arthrosporiella, 
157; section Elegans, 166; seetion Gib- 
bosum, 158; seetion Lateritium, 164; 
section Liseola, 161; section Martiella, 
167; section Orthocera, 166;  seetion 
Roseum, seetion Sporotrichiella, 
156; Semitectum Berk. and Rav., 157; 
solani on peach, 97; sp., 147; theobro- 
mae App. et Strk., 168; tropical species 
new or revised, 185; vasinfeetum, cause 
of damping off in cotton seedlings, 486— 
$SS; vasinfectum, effeet on cotton seed 
germination, 488 


Fusicladium photinicola n. sp., 181 


GAINES, E. F., The inheritanee of disease 
resistance in wheat and oats, 341; in- 
heritanee of disease resistance in wheat 
and oats, 51 

GARDNER, Max W., Cladosporium spot of 
cow pea (title only), 453-463; Hyper- 
plastic crushing of the tracheal tubes in 
mosaic tomato stems, 759 

Garden pea, mosaic in, 763 

Garden-plants, effect of walnuts on, 779 

Geographical distribution of the milkweed 
flagellate, Herpetomonas elmassiani; its 
non-pathogenicity in Maryland, 46 

Germination of cotton seedlings, affected 
by Fusarium vasinfectum, 488 

Gibberella, saubinetii, 59-60, 147 

GILBERT, W. W. and ERNST ARTSCHWAGER, 
Watermelon internal browning, 119-121 

GILL, LAKE 8., Notes on sporophores of 
Polyporus schweinitzii Fr., on yellow 
pine (title), 492-493; Peridermium 
harknessi Moore in western yellow pine 
tops, 617 


Goprrey, G. H., Application of certain or- 
ganie mereury compounds in plant path- 
ology, 127 

GRAVATT, G. F., see Hepecock, G. G. 

GRIFFEE, FRED, see STAKMAN, E. C., 691- 
698 

GRIFFITHS, MARION A., see TISDALE, W. H., 
651-675 

Grossullaria divariecata, host of white pine 
blister rust, 125 

Ground rot disease of sweet potato, rela- 
tion of soil moisture to, 287 

Growth, of Helminthosporium gramineum, 
factors influencing, 802 

Gymnosporangium blasdaleanum, in- 
cense cedar, 614-616 


HAENSELER, C. M., and W. H. Martin, Ar- 
senical injury of the peach, 321-331 
Halo blight, in relation to oat blast, 564 
HANNA, W. F., work of, experiments on 
sex in mushrooms and toadstools, 302 
Hart, HELEN, Factors affecting the devel- 
opment of Melampsora lini ( Pers.) 
Desm., 53 
Harter, L. L., see Weimer, J. L. 
, Manual of vegetable garden dis 
eases by C. C. Cupp, book review, 570— 


Mottle-necrosis of sweet pota- 

toes, 45 

HARTLEY, CARL, Cacao canker in Java, 44 

—— , Varietal tests of peanut (Ara- 
chis hypogaea) for wilt resistance, 55 

HARTMAN, HENRY, The control of core 
break-down in pears, 731 

Hayes, H. K., E. C. STAKMAN, and O. 8. 
Aamopt, Inheritance in wheat of resis- 
tanee to black stem rust, 371-387 

Hepacock, G. G., G. F. Gravatt, and R. 
P. MarsHALL, Polyporous schweinitzii 
on Douglas fir in eastern United States, 
568-569 

Helminthosporium, gramineum, pathogenie- 
ity and physiology of, 796; sacchari, re- 
lation of growth to maintained tempera 
tures, 463, 439; sativum, physiologic 
specialization and mutation in, 785; 
spp., cultural differences, 791 
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Henry, A. W., and E. C. Stakman, The 
control of flax rust, 53 

— Browning disease of flax in 
North America, 806 

Herpetomonas elmassiani (Migone) 46; 
geographic distribution of milkweed 
flagellate, 297 

Heterodera, goettingiana, 502; radicicola, 
on sugar cane roots, 562; radicicola, 
507; selection of host, 505; radicieola, 
varietal resistance of sweet potatoes to, 
125-426; schachtii, 502; 505; 507 

Hicains, B. B., The blossom-end rot of 
pepper, 50; Blossom-end rot of pepper 
(Capsicum annuum 223-229 

High evaporation: a precursor and a con 
comitant of wes‘ern yellow tomato 
blight, 470-478 

Horrer, G. N., and J. F. Trost, Influence 
of balanced nutrient supply on suscepti 
bility of corn plants to Gibberella sau 
binetii (Mont.) Sace., 59-60 

HouMeEs, Francis O., Geographical distri- 
bution of the milkweed flagellate, Her 
petomonas elmassinni (Migone). Its 
non-pathogenicity in Maryland, 46 

Non-pathogenicity of milkweed 

flagellate in Maryland, 294; geographie 
distribution of the milkweed flagellate, 
Herpetomonas elmassiani (Migone), 297 

Hordeum vulgare, host of Marasmius tri- 
tici, 118 

Host, selection and specialization in ani 
mal groups compared with that of plant 
parasitic nemas, 522; selection, by 
nemas, 499-534; specialization, of nemas, 
499-554; specialization, causes and theo- 
retical significanee of, 523 

Horson, J. W., A preliminary report of 
the Uredinales of Washington, (Abs.), 
126 

Howirr, J. E., Some notes on diseases new 
to Ontario, 300 

HUMPHREY, Harry B., and Vicror F., 
TAPKE, The loose smut of rye (Ustilago 
tritici), 598-606 

HUNGERFORD, CHAS. W., Conclusions from 
four vears’ tests of various methods of 


seed treatment for bunt control, 127 


————, see Dana, B. F. 
Resistance to western yellow 
blight of tomato, 727 
, and J. M. Rareper, Progress re- 
port upon potato virus disease investi- 
gations, 727 
Hurt, R. H., The importance of removal 
of mummies and affected fruit in apple 
bitter-rot control, 56 


Hvacinths, specialization 


f Tylenchus 
dipsaci on, 
Hyperplastic crushing of the tracheal tubes 


in mosaic tomato stems, 759 


[linoia (Macrosiphum)  pisi, pea aphid 
used in pea mosaic inoculations, 765 
Illinois, Marasmius parasitic in small 

grains in, 115 
IMMER, F. R., and J. J. CHRISTENSEN, The 
reaction of selfed lines and crosses of 
maize to Ustilago zeae, 699-707 
Immunity, of host to nemas, 527; to 
nemas, 
Incense cedar, mistletoe in the lower bole 
of, 614-616 
Infection of, barley by Ustilago nuda 
through seed inoculation, 59; oat smut, 
in relation to size of grain, 302 
Influence, of balanced nutrient supply on 
susceptibility of corn plants to Gib 
berella saubinetii, 59-60; of tempera- 
ture and of previous infection on the 
development of crown gall, 45 
Inheritanee, of disease resistanee in wheat 
and oats, 841; of disease resistance in 
wheat and oats, 51; of resistance to 
Puceinia graminis avenae, 54; in wheat, 
of resistance to black stem rust, 371-387 
Inoculation, of cabbage with Pythium, 483 
Internal browning of watermelon, 119 
International committee on Phytopathology 
and Eeonomie Entomology, report for 
June 30, 1923, to January 1, 1925, 725 
Investigative work on white pine blister 
rust in the Pacifie Northwest for 1923, 
125 


Isometabolie point, 129 
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JEHLE, R. A., F. W. OLDENBURG, and C, E. 
TeMPLE, Relation of internal cob-dis- 
coloration to yield in corn (Second prog- 
ress report), 52 

JENKINS, ANNA E., The Avoeado scab or 
ganism, 806 

—, The citrus scab fungus, 99 

JouNson, JAMES, A virus from potato 
transmissible to tobacco, 46 

JOHNSON, THORVALDUR, Studies on the 
pathogenicity and physiology of Hel- 
minthosporium gramineum Rab., 796 

JONES, Prep Revet, A new bacterial dis 
of alfalfa, 243-244 

Soil-inhabiting fungi parasitic 
upon the pea plant and their relation to 
disease, 99 

, see DOOLITTLE 

Jones, L. R., Rev. of : Laboratory outlines 
in plant pathology, second edition, by 
H. H. WHETZEL, L. R. HESLER, C. J. 
GreGorY, and W. H. RANKIN, 432-433 

Juglans, cinerea, antagonism of in certain 
plant associations, 773; hindsii, Pythia- 
ceous infection of, 396; nigra L., an- 
tagonism of in certain plant associations, 
773 

Juglone, possible toxie constituent of the 


walnut 


Kanred, 556 
Krirt, G. W., and L. R. JONES, Frequen- 
cies of ascospores of Venturia inaequalis 
in orehard air, 57 
, Further studies of the seasonal 
development and control of apple seab 
and eherry leaf spot, 57 
, see Riker, A. J. 
Kidney veteh, susceptibility to Tylenchus 
dipsaci, 510 
KIGHTLINGER, C. V., Preliminary studies 
on the control of cereal rusts by dust- 
ing, 611-6138 
Korti.a, J. E., see Coons, G. H. 
Laboratory outlines in plant pathology, 
second edition, by H. H. WHETZEL, L. R. 
HESLER, C. J. GreGcory, and W. H. Ran- 
KIN, review of, 432-433 


Lathyrus odoratus, mosaie in, 763 

Leaf eurl, of peach, 244-245 

Leaf roll, of potato, as affecting the car 
bohydrate, water, and nitrogen content 
of the host, 427-430 

Leaf spot, brown, of alfalfa, 714-719; of 
bur clover, 677—689; of maize, a disease 
distinet from leaf blight, 47; of lettuce, 
247; of Redtop, 51-52 

Legumes, mosaic in, 763 

Lettuee, leaf spot of, 247; tip burn dis 
ease, 58 

LrevukEL, R. W., see TIspALE, W. H., 651- 
675 

LEVINE, M. N., see AAMODT, O. 8. 

- - , see STAKMAN, E. C., 691-698 

LEVINE, MICHAEL, So-called strands and 
secondary tumors in the crown gall dis- 
ease, 435-453 

Libocedrus, deeurrens, 549 

Lime-sulphur, spray injury to apples from, 
$05-415 

Literature, of plant pathology and the 
Plant Industry Catalog, 722-724 

Lops, FE. A., see J. G. COULSON 

Loganberry, ‘‘dwarf,’’ 125; transmission 
of dwarf of, 732 

Longevity of the uredospores, teliospores, 
and sporidia of Cronartium ribicola, 58 

Loose smut, of rye (Ustilago tritici), 098- 
606 

Lucerne, susceptibility to Tylenchus dip 
saci, 510 

Lupwie, C. A., Fire at Clemson College, 
569 

McCatuus, A. W., A study of decay in 
balsam fir, 302 

McCuarn, R. L., Seab of Christmas berry, 
Photinia arbutifolia Lindl., due to Fusi 
cladium photinicola n. sp., 178 

-, see RaAwuins, T. E. 

Lucia, Aplanobaecter insidio- 
sum n. sp., the cause of an alfalfa dis- 
ease, 496-497 

McKay, M. B., Newer facts concerning the 
Verticillium wilt of potatoes, 727; 
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tomato, 727; The virus diseases of pota- 
toes in Oregon, 727 

McKINNEY, H. H., Certain aspects of the 
virus diseases, 189-202 

--- —, A mosaic on winter wheat and 
winter rye, 495-496 

— —, Preliminary environmental stud- 
ies on the take-all disease of wheat 
eaused by Ophiobolus graminis Sace., 
494-495 

McLariry, H. R., and T. M. C. Taytor, 
A bacterial disease of tomatoes new to 
British Columbia, 302 

McWuorter, FRANK P., Cereospora leaf 
spot of lettuce, 247 

MacDonald College, oat smut control tests 
at, during 1924, 301 

MAcINNES, JEAN, Quantitative studies on 
the efficiency of fungicides, 203-213 

Macrosporium sareinueforme, on alfalfa, 
714-718; solani, cause of foot rot of 
sweet potato and tomato, 238 

Macrophoma, tabulation of, 47 

Mains, E. B., Rye resistant to leaf rust, 
stem rust, and powdery mildew, 58 

Maize, leaf spot, 47; the reaction of selfed 
lines and crosses of, to Ustilago zeae, 
699-707 

Marasmius, parasitic on small grains in 
Illinois, 115-118; tritici n. sp. deserip- 
tion, 118 

Marquis, 556 

MARSHALL, R. P., see Hepacock, G. G. 

MaArtTIN, ELLA M., Taphrina communis and 
Taphrina mirabilis, 431 

, Cultural and morphological stud- 

ies of some species of Taphrina, 67-76 

Martin, W. H., see HAENSLER, C. M., 321 

Maryland, Non-pathogenicity of milkweed 
flagellate in, 294 

Massey, A. B., Antagonism of the wal- 
nuts (Juglans nigra L. and J. cinerea 
L.) in certain plant associations, 773 

Matz, J., Root knot on sugar cane in Porto 
Rieo, 559-563 

Measuring water flow interference in dis- 
eased plants, 44 

Medicagv, susceptibility of species to 


Pseudoplea medicaginis, 683 


MEINECKE, E. P., An effect of drought in 
the forests of the Sierra Nevada, 549— 

563 

: —, Evaluation of loss from killing 
diseases in young forests, 125 

MEISEL, Max, Awarded Oberly prize 

Melampsora lini (Pers.) Desm., factors in- 
fluencing the development of, 53; ribesii 
purpureae, 555 

MELHUS, I. E., and FRANK VAN HALTERN, 
Sclerospora on corn in America, 720-721 

MELHUuS, I. E., J. H. MuNcIE, and Wm. 
T. H. Ho, Measuring water flow inter- 
ference in diseased stems, 44 

Melilotus alba, unsuccessful eross-inocula- 
tions from mosaic clover to garden peas 
and sweet peas, 770 

Mercurie chloride, test of solutions in po- 
tato seed treatment, 241-242 

Mereury compounds in plant pathology, 
27 

Method of quantitative determin:ation of 
sulphur fungicides on foliage, 351 

Micrampelis lobata, source of primary in 
fection for cueumber mosaic, 733 

Mites, L. E., a Pyrenomycetous leaf spot 
of bur clover, 677—689 

Milkweed flagellate, Herpetomonas elmas- 
siani, geographical distribution, non- 
pathogenicity in Maryland, 46;  non- 
pathogenicity of flagellate of in Mary 
land, 294; geographic distribution of 
flagellate, Herpetomonas elmassiani (Mi- 
gone), 297 

Mistletoe, in the lower bole of incense 
cedar, 614-616 

Mix, A. J., Anthracnose of European 
privet, 261 

—- —, Biological and cultural studies 
of Exoascus mirabilis, 214-222 

— —, The weather and peach leaf curl 
in eastern Kansas in 1924, 244-245 

Monilia, oregonensis, cause of blossom 
blight in Pacifie Northwest, 126; 535 

Morris, H. E., Sunflower wilt (title only 
125 

Mosaie, cross inoculations from garden 
peas to sweet pea, 766; cross inocula- 


tions from mosaic peas to red clover, 
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768: cross inoculations from mosaie red 
clover to sweet peas, 769; cross inocu- 
lations from red clover to peas, 768; 
disease in the garden pea and other 
legumes, 763; experiments on seed trans- 
mission of pea mosaic, 769-770; of red 
clover as a source of infection to the 
garden pea and sweet pea, 767; of cu- 
cumber, overwintering of, 733; of Nico- 
tiana glutinosa, 543-547; potato, effect 
of intermittent temperature on, 46; 
sugar eane, cytology of, 45; sugar cane, 
selecting for resistance to, 45-46; on 
winter wheat and winter rye, 494-496; 
tomato stems, hyperplastic crushing of 
the tracheal tubes in, 759 

Mottle-necrosis of sweet potatoes, 45 

Mouncer, IRENE, work of, experiments on 
sex in mushrooms and toadstools, 302 

Mushrooms, and toadstools, experiments on 
sex with; a report of work of IRENE 
Mouncr, W. F. HANNA, and 
E, NEWTON, 302 

Mutation in Helminthosporium sativum, 
785 

Mycologist, a, at large, 301 


‘xomycete, in roots of beets, 727 


Mycorrhizal fungus, in celery roots, 727 

My 

Narcissus, specialization of Tylenchus dip 
saci on, 507; strain of nema on onions 
and Scilla nutans, 509 

Neck rot diseases, two undescribed species 
of Botrytis of onion bulbs, 708-713 

Nemas, beet, 503-504; description of am- 
phids in, 516; free living, food selection 
by, 521; host selection and specializa 
tion, 499-534 

Nematodes, cause of root knot of sugar 
cane, 559-563; varietal resistance of 
sweet potatoes to, 423-426 

New, a, new foot-root of the sweet potato, 
J. J. Taubenhaus, 238 

NEWHALL, A. G., Dusting celery seedbeds 
to control blights, 50 

—————, Studies on the tip burn disease 


of lettuce, 5S 


Newton, Dorotuy E., work of, experi- 
ments on sex in mushrooms and toad- 
stools, 302 

Nickel carbonate in smut control, 127 

Nicotiana glutinosa, mosaic of, 543-547; 
alata resistance to wildfire, 82; alata x 
N. tabacum resistance to wildfire, 83; 
glauca, faintness of mosaic symptoms on, 
740; glauca, tobacco mosaic on, 740; glu- 
tinosa, faintness of mosaic symptoms on, 
740; glutinosa, tobacco mosaic on, 740; 
nudicaulis x N. tabacum resistance to 
wildfire, 84; rustica, varieties resistant 
to wildfire, 81; Sanderae x N. tabacum 
resistance to wildfire, 84; susceptibility 
of species, varieties, and hybrids to to- 
baceo wildfire, 77; tabacum, list of 
varieties resistant to wildfire, 80; vis- 
cosum, deseription of, 543 

Nicotine sulphate, Hall’s, 235 

Nitrogen, content of potato plants as 
affected by leaf roll, 427-430 

Norris, RoBert K., see ZELLER, 8S. M. 

Notes, some, on diseases new to Ontario, 
300; on the parasitism of Endothia 
gyrosa (Schw.) Fr., 489; sporo- 
phores of Polyporus schweinitzii Fr. on 
yellow pine, 492, 493 

Nursery stock, relation of crown gall to, 


Oat rust, inheritance of resistance to, 54 

Oat smut, control tests at MacDonald Col- 
lege, 1924, 301; infection in relation to 
size of grain, 302 

Oats, blast of, 564-567; inheritance of 
disease resistance, in, 341; new seed dis- 
infeetants for the control of smuts of, 
651-675 

OBERLY, EuNIcE Rockwoop, 61-64 

Onion, two undescribed species of sotrytis 
associated with the neck rot diseases of, 
708-713 

Onions, infection by narcissus strain of 
nema, 509 

Ontario, some notes on diseases new to, 500 
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Oospora destructor, on European earwig 
and other insects in Oregon, 729 

Ophiobolus graminis, environmental studies 
on, 494495 

Organic mercury compounds in smut con- 
trol, 127 

Organie mercury compounds, for the con- 
trol of cereal smuts, 651-676 

Overwintering, of cueumber mosaic, 733 

Owens, C. E., A Tubercularia canker of 


Chinese elm, 729 


Pacific division of the Am. Phytopath. 
Soe., Abstracts of papers, 125-128; an- 


nual meeting of, 355; report of the 


annual meeting of, 726; titles and ab 
stracts of papers read at the ninth an 
nual meeting of, 727-7532 

Pathogenicity, non-, of the milkweed 
flagellate in Maryland, 294; of physio 
logic forms of Helminthosporium. sati 
vum, 787; of mutants of Helmintho 
sporium sativum compared with that of 
their parents, 792; of Helminthosporium 
gramineum, 796 

Pathology, plant, in Canada, 300 

-apaya gracilis, reaction to Heterodora 
radicicola, 527 

Parasitism, of Endothia gyrosa, 489-91 

Pea, mosaie in, 763; soil fungi parasitie 
upon, 59 

Peach, arsenical injury of, 321-331; Fu- 
sarium rot of, 92; leaf curl of, 244-245; 
Pythiaceous mfeetion of, 391-393, 396 

Peaches, Rhizopus rot of 122; storage rot 
of caused by a new species of Choa- 
nephora, 607-610 

Peanut, varietal resistance to wilt, 55 

Pear, Pythiaceous infection of, 891-892 

Pears, The control of core break-down in, 
731 

Peas, canning, root rot or blight of, 300: 
root-rot of in 1924, 110 

Pepper, blossom-end rot, 50; blossom-end 
rot of, 223 

Peridermium harknessi, in western vellow 
pine tops, 617 


Phaseolus vulgaris, unsuccessful cross in- 


oculations from mosaic bean to garden 
peas and sweet peas, 770 

Pholiota, aurivella, 550 

Phoma, lingam, 49; tabulation of, 47 

Phomopsis, canker, 568; citri, on citrus 
fruits, 335 

Phoradendron librocedri, on incense cedar, 
614-616; paucifolium, in white fir, 616 

Photinia arbutifolia, scab, 178 

Photographing, living spores, use of agar 
blocks in, $+ 

Phyllosticta, solitaria, 246 

Physalis alkekengi, mosaic symptoms on, 
740; heterophylla, mosaic on, 740; 
pubescens, intermediate host by which 
tomato mosaic may be transmitted to 


cucumbers, ; mosaic of, cross inocu- 
lated to cucumber, 734; infeetion of N. 
glutinosa with mosaic of, 546; relation 
of certain species to the overwintering 
of cucumber mosaic, 733; subglabrata, 
mosaie on, 740 

Physalospora, malorum, 230; malorum, on 
citrus, 337 

Physiologie specialization, in Helmintho 
sporium sativum, 785; of Helmintho- 
sporium gramineum, 801 

Physiology, of Helminthosporium grami 
neum, 796 

Phytolaceca decandra, faintness of mosaic 
symptoms on, 740; source of primary 
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dade 


infection for cucumber mosaic, 
Phytomonas chicari n. sp. causing center 
rot of French endive, 730; intybi n. sp. 
causing center rot of French endive, 730 
Phytophthora, faberi, 44; physiology of 
zoospore formation among (title only), 
125; caetorum, and_ related strains, 
morphology of, 896-400; relation to 
Pythium and Pythiacystis, 400-401 
Pine, Sporophores of Polyporus schwein- 
itzii Fr. on, 492-493; western yellow, 
Peridermium harknessi in, 617; white, 
blister rust in Pacifie Northwest, 125 
Pinus, lambertiana, 549; ponderosa, Poly- 
porus schweinitzii Fr. on, 492, 549; 
resinosa, inoculated with sporidia of 


Cronartium ribicola, 588; species and 


susceptibility to Cronartium ribicola, 
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991-597; strobus, inoculation with spo- 
ridia of Cronartium ribieola, 584-590 

Pisum sativum, mosaie in, 763 

PLAKIDAS, A. G., Fusarium rot of peach, 
92-98 

————-, An obscure new disease of the 
strawberry in California, 730 

Plant Industry Catalog, and the literature 
of plant pathology, 722-724 

Plant Pathology, in California (Abs.), 
126; literature of, and the Plant Indus- 
try Catalog, 722-724 

Plasmodiophora vascularum, on sugar cane 
roots, 562 

Plectodiscella veneta, comparison with 
citrus seab fungus, 101 

Pleosphaerulina briosiana, on alfalfa, 677— 

Plum, chicasa, host of Exoaseus mirabilis, 
214; pythiaceous infection of, 392-396 

Polyporus sechweinitzii, on Douglas fir, 

Polyporus schweinitzii Fr. on yellow pine, 
492-495 

Polyspora lini, cause of browning disease 
of flax in North America, 806—-S07 

Poo.e, R. F., The relation of soil moisture 
to the pox or ground rot disease of sweet 
potato, 287 

= -, The relation of soil moisture to 
the pox disease of sweet potatoes, 4S 

, Sweet potato varieties that pro- 

duce well and are resistant to stem rot 
on sassafras sands, 48 

Potassium permanganate, injury to water- 
melons, 480 

Potato, injury by nemas, 503; leaf roll as 
affecting the carbohydrate, water, and 
nitrogen content of the host, 427-430; 
mosaic, effect of intermittent tempera- 
tures on, 46; seed treatment, 241-242; 
stipple streak disease, 170; taxonomic 
studies of the organism causing black 
dot disease of, 300; tuber rot of, caused 


by <Alternaria solani, 282; vascular 


browning of, 731; virus diseases, con- 


Os 


ference for the study of, 725 


Potatoes, tuber rot caused by Alternaria 
solani, 49; Verticillium wilt of... 39F: 
witches broom of (title only), 125 

Pox, of sweet potato, relation of soil mois- 
ture to, 287; disease of sweet potatoes, 
48 

Prize, First award of the Eunice Rockwood 
Oberly Memorial, 65-66 

all 


Progress report on studies of crown g 


in relation to nursery stock, 804 

Prune, Pythiaceous infection of, 392-393 

Prunus, angustifolia, 214 

Pseudomonas campestris, 49; campestris, 
48 

Pseudople: medicaginis, description of, 
683 

Pseudotsuga, taxifolia, 549, 568—569 

Puccinia coronata Corda, alternate hosts 
of, 54; coronata, control of by dusting, 
611-613; coronifera, 555: dispersa, rye 
resistant to, 58; graminis, 554; graminis 
avenae, eontrol of by dusting, 611-613; 
graminis avenae, 555; graminis avenae, 
inheritance of resistance to, 54; graminis 
phleipratensis, 555; graminis secalis, rye 
resistant to, 58; graminis tritici, inheri- 
tance of resistance to in wheat, 371- 
387; graminis tritici, Webster, a com- 
mon wheat resistant to, 691-698; triti- 
eina, 555 

Purtick, G. F., obituary and in memorium, 
319 

Pythiaceous infection of deciduous fruit 
trees in California, 389-404 

Pythiacystis citrophthora, and_ related 
strains, morphology of, 396-400; rela- 
tion to Pythium and Phytophthora, 400— 
401 

Pythium, aphanidermatum, 485; debary- 
anum on peas, 111; debaryanum, 483; 
infection of cabbage heads, 482-485; 
monospermum, 485; relation to Phytoph- 
thora and Pythiacystis, 400-401; spp. on 
peas, 11] 


Quack grass, Marasmius on, 115 
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tional Committee of Phytopathology and 


Keonomic Entomology, 725 


Quantitative studies on the efficiency of 


fungicides, 203 
Quercus californica, 549; velutina, Endo 
thia on roots, 489 


RAEDER, J. M., see HUNGERFORD, C. W., 727 
tAMSEY, J. B., fumigation injury of 
watermelons (title), 479-481 
Raspberries, A case of Verticillium wilt in 
Oregon, 125; spur blight of, 728 
RATHBUN-GRAVATT, ANNIE, see SPAULDING, 
PERLEY, 573-583, see SNELL, WALTER H. 
Raw.ins, T. E., A myxomyeete occurring 
in the smaller roots of beets, 727 
- , and R. L. McCuary, Tip burn 
and ‘‘slime’’ diseases of lettuee in Cali- 
fornia, 727 
, and E. H. Smirn, A mycorrhizal 
fungus found in the smaller roots of 
celery, 727 
Red clover, susceptibility to Tylenchus 
dipsaci, 510 
Redtop, leaf spot caused by Helmintho 
spotium, 51-52 
Report, sixteenth annual meeting, Ameri- 
ean Phytopathological Society, 304-318 
Reproduction of Helminthosporium grami 
neum, factors influencing, S802 
Relation, of internal eob discoloration to 
yield in corn, 52; of oat smut infeetion 
to size of grain, 802; of soil moisture 
to the pox disease of sweet potatoes, {S 
Resistance, to black stem rust, inheritance 
of in wheat, 371-387; of host to nemas, 
926; to Pueccinia graminis, genetie fae 
tors involved in different types of, 379 
3835; to sugar cane mosaic, 45-46; of 
sweet potatoes, varietal, to nematodes, 
425-426 
Results of experiments in 1924 with vari- 
ous chemical dusts for smut control in 
wheat (Abs.), 127 
Review, of foreign literature on flagellates 
in plants, 275 
Rhizoctonia solani on peas, 112 


Rhizopus, nigricans on peaches, 123; rot 


of peaches, 122-124 


Ribes, nigrum and bractiosum, host of 


white pine blister rust, 125; white pine 


blister rust on, 573-583 

Riker, A. J., Cytological studies of crown- 
gall tissue, 48 

- —, The influence of temperature 
and of previous infection on the devel- 
opment of crowngall, 45 

, and G. W. KeErrr, Second report 

of progress on studies of crowngall in 
relation to nursery stock, S04 

RopENHISER, H. A., and E. C. STaKMAN, 
The control of loose smuts of wheat and 
barley, and barley stripe by Uspulun, 
Semesan, and Germisan, 51 

Root knot, on sugar eane in Porto Rico, 
559-563 

Root rot, or blight of canning peas, 300; 
of peas in the middle Atlantic States in 
1924, 110-114 

Rosen, H. R., Fusarium vasinfectum and 
the damping off of cotton seedlings 
(title), 486-488 

Rot, of apples caused by Botryosphaeria 
ribis. E. ALINE FENNER, 230; of Cali 
myrna fig, 728; center of French endive, 
730; Fusarium, of peach, 92; Rhizopus 
of peaches, 122; brown of peaches, 122; 
root, or blight of canning peas, 300 

Rumex crispus, resistance to and attenuat 
ing effect on the virus of sugar beet curly 
top, 746; resistance to the virus of sugar 
beet curly top, 746 

Rust, black stem, inheritance of resistance 
to in wheat, 371-3S7: white pine blister 
in Pacifie Northwest, 125; cereal, econ- 
trolled by dusting, 611-613; of Wash 
ington, 126 

Rye, loose smut of, 598-606; Marasmius 
on, 115; resistant to leaf rust, stem rust, 
and powdery mildew, 58-59; mosaie on 
winter, 495; varietal susceptibility to 


loose smut, 605 


Sainfoin, susceptibility to Tylenchus dip 
saci, 510 
Sanitation in nursery for control of erown 


gall, 105 
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Seab, citrus, 99; of Photinia arbutifolia, 
178: on avocado, 806 

SCHNEIDERHAN, F. J., Rainfall in relation 
to ascospore discharge and infection in 
Venturia inaequalis, 56 

——————-, The seasonal development of 
apple seab, 57 

Scilla, nutans, infection by narcissus strain 
of nema, 509 

graminicola, host range of, 


721; on corn, 720-721; on Setaria 


Sclerospora 
viridis, 720-72 

Selerotinia americana, 535; americana, 
characterization of as compared with 8. 
cinerea, 526; cinerea, 535; cinerea, 55; 
cinerea, characterization of as compared 
with S. americana, 536; fructicola, 535; 
fructigena, 535; libertiana, see S. selero- 
tiorum; sclerotiorum, 50; selerotiorum, 
causing drop of Chinese and common 
cabbage, 349 

Seasonal development and control of apple 
seab and cherry leaf spot, 57 

Secale cereale, host of Marasmius tritici, 
118 

Seed, disinfectants, organic mereury, 51; 
transmission of pea mosaic, experiments 
on, 769-770; treatment for black rot 
(Pseudomonas campestris), 49; for bunt 
control in Idaho, 127; of cereals, 727; 
of potato, 241-242; for blackleg (Phoma 
lingam), 49 

Seedling infection by Helminthosporium 
gramineum, 798 

Seedlings, of cotton, damping off of, 486- 
488 

Se.sy, A. D., obituary and in memoriam, 
319 

Selecting for resistance to the sugar cane 
mosaic, 45-46 

Semesan, for the control of cereal smuts, 
651-676; in smut control, 127 

Setaria viridis, Sclerospora graminicola on, 
720-721 

Sex, experiments with mushrooms and toad- 
stools; a report of work of IRENE 
Mounce, W. F. HANNA, and DoroTHy 
NEWTON, 302 

SHAPOVALOV, MICHAEL, High evaporation: 


a precursor and a concomitant of west- 
ern yellow tomato blight (title), 470— 
478 

—————, The significance of the 1924 out- 
break of western yellow tomato blight in 
the United States, 50 

SHERBAKOFF, C. D., Effect of soil treat- 
ment with sulfur upon crowngall in nur- 
sery apple trees, 105-109 
————, The Fusarium conference, 47 

—— -, Use of agar blocks for photo- 
graphing living spores, 44 

Sicily, Bark diseases of citrus trees, 41-42 

Siperis, Curistos P., Studies on behavior 
of Fusarium chromyophthoron in earbo- 
hydrates, glucosides, proteins, and vari- 
ous decoctions with discussion on ‘* iso- 
metabolic point’’ of substances, 129 

Sinapis alba, catch plant for beet nemas, 
903 

Size of grain, relation of to oat smut in- 
fection, 302 

‘*Slime’’ diseases of lettuce, 727 

H., see SMITH, RALPH 
E. 

— —, see RAWLINS, T. E. 

SmivH, E., Efficiency of a_ self- 
mixing duster, 235-237 

———— and EvizasetH H. Situ, Fur- 
ther studies on Pythiaceous infection of 
deciduous fruit trees in California, 589— 
404 

—————, Plant Pathology in California, 
126 

Smut control, with chemical dusts, 127 

Smuts, of oats and barley, 651-675 

SNELL, WALTER H., and ANNIE RATHBUN- 
GRAVATT, Inoculation of Pinus strobus 
trees with sporidia of Cronartium ribi- 
cola, 548-590 

Soil-inhabiting fungi parasitic on the pea 
plant, 59 

Soil moisture, affecting Ophiobolus grami- 
nis, 494; relation to the pox disease of 
sweet potatoes, 48; relation of, to pox 
or ground rot disease of sweet potatoes, 
287 

Soil, presence of bacteriophage in, 359- 
366; temperature, affecting Ophiobolus 
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graminis, 494; treatment with sulfur, 
effect upon crowngall, 105 

-——————, A _ partial explanation of the 
relative susceptibility of the white pines 
to the white pine blister rust (Cronar- 
tium ribicola, Fischer), 591-597 

SPAULDING, PERLEY and ANNIE RATHBUN- 
GRAVATT, Conditions antecent to the in- 
fection of white pines by Cronartium 
ribicola in the Northeastern United 
States, 575-583 

— and ANNIE RATHBUN-GRAVATT, 
Longevity of the uredospores, telio- 
spores, and sporidia of Cronartium 
ribicola, 58 

Specialization in Helminthosporium sati- 
vum, 785 

Sphaceloma, ampelinum, comparison with 
citrus scab fungus, 101; fawcettii n. sp. 
description, 101 

Sphaeropsis malorum, the life history of 
the citrus stem-end rot ‘* Diplodia’? and 
relation to, 332-340 

Sphaerulina trifolii, on clover, 677-690 

Sporophores of Polyporus schweinitzii Fr., 
492-495 

Spray injury, to apple, 405-415; of peach, 
321-331 

Spur blight, of raspberry, 728 

Stability, of physiologic forms of Helmin- 
thosporium sativum, 788 

SrapLer, L. J., The variety as a unit in 
studies of disease resistance, 51 

STAKMAN, E. C., M. N. LEVINE, and FRED 
GRIFFEE, Webster, a common wheat re- 
sistant to black stem rust, 691-698 

- , see Haves, H. K. 

STEARNS, H. C., see Barss, H. P. 

STEINER, G., The problem of host seleetion 
and host specialization of certain plant 
infesting nemas and its application in 
the study of nemie pests, 499-534 

Stellaria media, susceptibility to sugar beet 
curly top, 745 

Stem-break, of flax, SO6—-S07 

Stem rot, of sweet potatoes, varieties re- 
sistant to, 4S 

STEVENS, Nett E., and MARGUERITE S. 
Witcox, The citrus stem end-rot Diplo 


dia;’’ its life history and relation to 
Sphaeropsis malorum, 332-340 

—————., EUNICE Rockwoop OBERLYy, 61- 
64 

—————., Field observations on false blos- 
som of the cultivated cranberry, 85-91 

- —, First award of the Eunice Rock- 
wood Memorial Prize, 65-66 

= —, The literature of plant pathol- 
ogy and the Plant Industry catalog, 


Stipple-streak disease of potato, 170 
STONE, R. E., Root rot or blight of canning 
peas, 300 
—————, Winter blight or streak in toma- 
toes, 300 
Stover, G. 
SELBY, 1-10 
Strains, of nemas, 499-531 


, AUGUSTINE DAWSON 


Strawberry, an obscure new disease of, 730 

Streak, or winter blight in tomatoes, 500 

Studies, on the eytology of sugar cane 
mosaic, 45; taxonomic, of organisms 
causing black-dot disease of potato, 300; 
on the tip burn disease of lettuce, 58 

Suaeda moquini, attenuating effect of the 
virus of sugar beet curly-top, 746 

Sugar beet curly-top, attenuation of the 
virus of, 745 

Sugar cane, mosaie, cytology of, 45: mo- 
saic, selecting for resistance to, 45-46; 
root knot on in Porto Rieo, 559-565 

Sulphur, control of cereal rusts by dust- 
ing with, 611-613; dust, injury to apples 
from, 405-415; effeet of soil treatment 
with upon crown gall, 105; fungicides, 
quantitative determination of on foliage, 

Summer field meeting of the Ameriean 
Phytopathological Society, 350° of 
cereal pathologists, 355 

Sunflower wilt (title only), 125 

Superficial fungi, mounting for study, 245 
P46 

Susceptibility of Nicotiana species, varie- 
ties and hybrids to tobacco wildfire, 77 
S4 


Sweet potato, a new foot rot of, 238-240; 


relation of soil moisture to pox or 
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ground rot disease of, 287; varieties 
that prodtice well and are resistant to 
stem rot on sassafras sands, 48 

Sweet potatoes, mottle-necrosid of, 45; 
varietal resistance of to nematodes, 423- 
426 

SwincLe, D. B., Center rot of ‘‘ French 
endive’’ or wilt of chicory, 730 

Symptoms of mosaic on Physalis pubescens, 


Goo 


Tabulation of the genera Phoma and 
Macrophoma, 47 

Take-all disease of wheat, environmental 
studies on, 494-495 

Taphrina coerulescens, cultural character- 
istics, 71, inoetlations, 72, and morpho- 
logical characters, 73; communis, cul- 
tural characteristics, 69; morphological 
characters, 73; communis and T. mira- 
bilis, 451 

Taphrina, cultural characteristics, 70; cul- 
tural and morphological studies of some 
species, 67; deformans, cultural charae- 
teristics, 71; Johansonii, cultural char- 
acteristics, 69; morphological characters, 
73: mirabilis, cultural characteristics, 69 

TapkKe, Victor F., see HUMPHREY, HARRY 
B., 598—606 

TAUBENHAUS, J. J., A new foot rot of the 
sweet potato, 258-240 

TayYLor, J. W., see TISDALE, W. H., 651- 
675 

TayLor, T. M. C., see McLarity, H. R. 

TEHNON, L. R., and EvE DANIELS, a note on 
the brown leaf-spot of alfalfa, 714-719 

Temperature, relation to infection by Hel- 
minthosporium gramineum, 796; rela- 
tions in peach rots, 125 

Tuomas, H. E., Apple blotch in New York 
State, 246-247 


3 , Observations on the growth of 


Armillaria mellea Vahl in eulture, 729 


Thyrospora sarcinaeforme, description of, 


718 
Tilletia tritici, control with chemical dusts, 
27; seealis, possible identity with Til 


letia tritici, 598-606; on rve, 598-606 


Tip-burn of lettuce, 727 


TISDALE, W. H., J. W. Tayor, R. W. 
LEUKEL, and Marion A. GrirrirHs, New 
seed disinfectants for the control of 
wheat and the smuts of oats and bar- 
ley, 651-675 

———— and V. F. Tapke, Infection of 
barley by Ustilago nuda through seed 
inoculation, 59 

Toadstools, experiments on sex with mush- 
rooms and: report of work of IRENE 
Mounce, W. F. HANNA, and Dorotuy 
E. NEWTON, 302 

Tobacco, cross inoculation of mosaic from, 
to N. glutinosa, 544; mosaic, cross in- 


oculations to Physalis pubescens, ; 
wildfire, susceptibility of species and 
varieties to, 77 

Tomato, blight in United States, 50; foot 
rot of, 240; mosaic, cross inoculations 


to Physalis pubescens, mosaic, 
hyperplastic crushing of the tracheal 
tubes in affected stems, 759; Verticil- 
lium wilt, 187; western yellow blight 
of, 470-478 

Tomatoes, winter blight or streak in, 500; 
yellow blight of, 727; suseeptible to 
mosaic of N. glutinosa, 546; bacterial 
disease of, new to British Columbia, 302 

TomMPKINS, C. M., Effect of intermittent 
temperatures on potato mosaic, 46 

Tracheal tubes, crushing of in mosaic to 
mato stems, 759 

Trefoil, susceptibility to Tylenchus dip- 
saci, 510 

Trifolium pratense, mosaic in, 763; suseep- 
tibility of species to Pseudoplea medica- 
ginis, 685 

Triticum, diococeum dicoeccoides, 554; vul- 
gare, host of Marasmius tritici, 118; 
vulgare, cross of with T. durum, 554 

Tuber rot, of potato, caused by Alternaria 
solani, 282 

Tubercularia, canker of Chinese elm, 729 

Tumors, and strands of crown gall, 435- 
453 

Tylenchus dipsaci, specialization of, 507; 


sacchari, on sugar eane roots, 562 
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Uredinales of Washington, A preliminary 
report (Abs.), 126 

Uredo secales, 598 

Urocystis occulta, stem smut of rye, 59S- 
606 

Urophlyetis alfalfae, on alfalfa in Indiana, 
SOT 

Use of agar blocks for photographing liv- 
ing spores, 44 

Uspulun, for the control of cereal smuts, 
651-676 

Ustilago nuda, infection of barley through 
seed infection, 59; seedling infection of 
barley, 798; seealena, 598; tritici, loose 
smut of rye, 598-606; tritici, seedling 
infection of wheat, 798; zeae, the reac- 
tion of selfed lines and crosses of maize 
to, 699-707 


VAN HALTERN, FRANK, see MELHUS, I. E., 
720-721 
Varietal, resistance of sweet potatoes to 
Heterodera radicicola 
Miiller, in California, 425- 


nematodes, 
(Greaf.) 
426; tests of peanut for wilt resistance, 

Variety as a unit in studies of disease re- 
sistance, 51 

Venturia inaequalis, ascospore discharge 
in, 56 

Vernal emmer, 556 

Verticillium albo-atrum on black raspber 
ries in Oregon, 126; wilt (Blue stem) 
of black raspberries in Oregon, 125; 
wilt of potatoes (title only), 727; wilt 
of tomato, 187 

Vigna sinensis, Cladosporium spot, 453 

Virus, from potato transmissible to to- 
baeeo, 46; diseases, of animals, 189— 
192; diseases, certain aspects of, 189- 
202; of potato, conference for, 725; 
and their relation to potato seed certifi- 
cation. Discussion (title only), 125; of 
sugar beet curly-top attenuation of, 745 


WAGENER, WILLIS W., Mistletoe in the 
lower bole of incense cedar, 614-616 


WALKER, J. C., two undescribed species of 
Botrytis associated with the neck rot 
diseases of onion bulbs, 708-715 

WALKER, M. N., The relation of certain 
species of Physalis to the overwintering 
of the mosaic disease of cucumber, 733 

—— , Studies on the mosaic disease of 
Nicotiana glutinosa, 543-547 

Walnut, California black, Pythiaceous in- 
fection of, 396; antagonism of in cer 
tain plant associations, 775 

WALTON, R. C., see Youna, H. C. 

Water, content of potato plants as affected 
by leaf roll, 427-450; core in apples 
(title only), 125; flow interference in 
diseased stems, measuring, 44 

Watermelon internal browning, 119-121 

Watermelons, formaldehyde injury, 479 
481; fumigation injury to, 479-1; 
potassium permanganate injury, 479-S1 

Webster, a common wheat. resistant to 
black stem rust, 691-698; wheat, chro 
mosome number of, 696 

WEIMER, J. L., and L. L. Harter, Varietal 
resistance of sweet potatoes to nema- 
todes, Heterodera radicicola 
Miiller, in California, 425-426 


(Great. ) 


-, Crown wart of alfalfa in Indi- 

ana, S07 

WEIr, JAMES R., Notes on the parasitism 
of Endothia gyvrosa (Schw.) Fr. 

Wettable sulphur, spray injury to apples 
from, 405-415 

Wheat, control of loose smut, 51; inheri- 
tance of disease resistance in, 541; in- 
heritance of resistance to black stem 
rust in, 371-387; Marasmius on, 115; 
foot and root rots in Minnesota in 1924, 
53; smut control with chemical dusts, 
127; take-all disease of, 494-495; win- 
ter, mosaic on, 495—496 

White clover, susceptibility to Tylenchus 
dipsaci, 510 

White pine blister rust, in Northeastern 
states, 55; in Pacifie Northwest, 125 

White pines, conditions antecedent to the 

infection by Cronartium ribicola, 573- 
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583; a partial explanation of the rela- 
tive susceptibility to white pine blister 
Tust, 591-597 

Witcox, MARGUERITE §S., see STEVENS, 
NEIL E., 332 

Wildfire, tobacco, 77 

Wilt, of Chicory, 730; Verticillium, of 
black raspberries, 125 

Winter blight, or streak in tomatoes, 300 

Witches broom of potatoes (title only), 
125 

Wo.LLeNWEBER, H. W., and O. A. REIN- 
KING, Aliquot Fusaria tropicalia nova 


vel revisa, 155 


Yellow blight of tomato, 727 

YounG, H. C., and R. C. Warton, Spray 
injury to apple, 405-415 

YounG, P. A., A Marasmius parasitie on 
small 1ins in Tlinois, 115-118 


gre 


Tabulation of the 
Phoma and Macrophoma, 47 


genera 


ZELLER, 8. M., A case of Verticillium wilt 
(Blue stem) of black raspberry in Ore- 
gon, 125-126 

————, Black rot and Myxosporium 
canker of apple and pear in the Pacific 
Northwest (title only), 125 

—————-, Preliminary reports on trans- 
mission of dwarf of loganberry, 732 

————-, Some facts about loganberry 
dwarf, 125 

————— and Leroy Cumps, Another 
apple-tree anthracnose in the Pacific 
Northwest and a comparison with the 
well known apple-tree anthracnose, 728 

————— and Rosert V. Norris, Spur 
blight 
raspberry in Oregon, 728 


(Mycosphaerella rubina) of 


Zonitoides arboreus on sugar cane roots 
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U. S. BUREAU OF PLANT INDUSTRY MODEL 


WATCH GLASSES 


AS USED FOR THE EXAMINATION AND CULTURE OF NEMATODES 
AND OTHER MICROORGANISMS 


9850 (Actual Size) 


WATCH GLASSES, U. S. Bureau of Plant Industry model, designed especially for 
the examination and culture of nematodes and other microorganisms. Similar in cross- 
section to the Syracuse watch glass but of much smaller size, i.e., 27 mm diameter by 
8 mm high. The bottom surface does not come in contact with the table or the micro- 


scope stage and accurate nesting is possible. The beveled surface is ground matte for 
convenient writing. Some of the advantages of these small watch glasses are as follows: 


The small size brings about a saving in the reagents used, some of which are quite 
expensive. 


The small watch glasses take up less space, at the same time seeming to be equally safe 
and reliable. 


The small size permits of their being taken out for field service with greater conveni- 
ence than the large ones, 


It frequently happens that the object treated in a watch glass is exceedingly minute 
and becomes very transparent, and hence all the more difficult to find, in connection with 
the various treatments. To find such a minute, almost invisible speck of matter in one of 
the large watch glasses sometimes cousumes a good deal of time. This time is very much 
reduced in the case of the small watch glass because of the smaller area to be searched, the 
ratio being about one to nine. 


By placing a drop or two of water, or better cedar oil, under this small watch glass on 
an ordinary glass microscope slide, the imperfections of the lower surface ef the watch 
glass are much diminished. It then becomes more feasible to make a microscopic examina- 
tion in the watch glass. 


Cemented to a glass slide they answer as glass cells for larger objects. 
While making microscopic mounts, it not infrequently is necessary to protect a drop 
of fluid on a glass slide from evaporation for a certain length of time. One of these wateh 


glasses inverted over the drop closes it sufficiently to minimize evaporation. 


9850. Watch Glasses, U. S. Burenu of Plant Industry Model, as above described. 
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10 per cent. discount in cartons of one dozen. 
20 per cent. discount in cartons of one gross. 


ARTHUR H. THOMAS COMPANY 


RETAIL—WHOLESALE—EXPORT 


LABORATORY APPARATUS AND REAGENTS 


WEST WASHINGTON SQUARE PHILADELPHIA, U. S.A 
Cable Address, BALANCE, Philadelphia 
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THE GOERTZ-CUTTER 
No. 10 


Especially Designed for Botanical 
Work in Field and Laboratory 


The Goertz-Cutter is an ingeniously contrived 
handle for razor blades of the Gillette type, 
and in its slightly modified form — No. 10 — 
is perfectly adapted to the highly specialized 
needs of botanical work in field and labora- 


tory. Its moderate price, moreover, recom- 
mends it as standard equipment for student 


classes in Botany. 


| The Goertz-Cutter—No. 10—is already being 
used in many colleges and universities through- 

out the country, and has been found emi- 

nently suitable for work of this nature. In 

fact, it has been spoken of as ‘‘the best instru- 


\ 
| ment of its kind for making plant sections.”’ 


Priced at 50c. each, with one blade. 


AUGUST GOERTZ & CO., Inc. 


270-286 Morris Avenue 
Newark, N. J. 
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Some Unusual Characteristics of 


When du Pont chemists undertook the development of Semesan, America’s 
first organic mereury seed and plant disinfectant, they incorporated in it 
such improvements and advantages as to make it absolutely unique. 
The value of this new product cannot be judged from experiments with any 
other compound. Following are some exclusive Semesan features: 


1—It is the only seed and plant disinfectant that can be used 
either as a dust or liquid. 


2—As a liquid solution it may be used either hot or cold for 
treatment of many seeds without injury to the embryo. 


3—It gives the greatest margin of safety from burning when 
sprayed on grass or plants. 

In addition to Semesan we have developed a number of other mereury dust 
compounds which are extremely efficient for the control of wheat smut and 
eorn root rot. These compounds have all passed exhaustive toxicity tests in 
our laboratories and greenhouse. Samples of Semesan or any of our other 
mereury compounds will be gladly sent you upon request. 

We again acknowledge our obligation to plant pathologists for the valuable 
aid and cooperation given us during the experimental stages of Semesan. 
Through our contact with them we learned much on the subject of disease 
eontrol. This knowledge has been broadened by experiments in our labora- 
tories and greenhouse and by careful observation of Semesan results ob- 
tained under actual working conditions in the field. 


From these sources we have compiled a fund of valuable information which 
we invite pathologists to use as an aid in solving their disease control 
problems. 


E. I. du Pont de Nemours & Company, Inc., 


Dyestuffs Department, Sales Division, 
Wilmington, Delaware 
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